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The following Treatise on the 
Combustion of Coal is the result of experiments un- 
dertaken with the view of advancing the general 
interests of your establishment, by removing the un- 
certainties, correcting the errors, and inducing a 
greater economy, in the important department of the 
Steam-vessel which relates to the use of Fuel. Should 
it be productive of any advantage to the City of 
Dublin Steam-packet Company, my satisfaction will 
be complete. 
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I have taken the liberty of addressing this 
Treatise to you. Gentlemen, as ? tribute of respect, 
and an acknowledgment of the obligations I feel 
for the confidence you ' have so long reposed in my 
zeal and exertions in your ser>'ice, 

I have the honour to be, 

Gentlemen, 

Your faithful and obedient Servant, 



C, W. WILLIAMS. 



LiTcrpool, September 10th, 1840. 
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Having dvawn attention to the important subject of 
improving our Furnaces, and the necessity for a closer 
observation of those chemical conditions on which Combus- 
tion is eifected, I should, probably, have left the further 
prosecution of the subject to other and abler hands. The 
following document will, I trust, justify me in again bring- 
ing the subject before the public in a new edition : 

'^ Extract from the Minutes of the Proceedings of the Proprietors 
of the City of Dublin Steam-packet Company, at the Half-yearly Meet- 
ing held in Dublin on the 31st of October, 1840. 

^ Resolved, — That this Meeting cannot separate without ofiPering to 
Mr. Williams their sincere thanks for his valuable work on the Com- 
bustion of Coal ; and that it be recommended to the Directors to request 
him to superintend the publication of a new edition, at the Company's 
expense, with the view to its distribution among the Proprietors. 

(Signed) « JAMES FERRIER, Chairman. 

« P. Howell, Secretary." 

For this distinguished mark of approbation, I avail 
myself of the present opportunity of expressing my acknow- 
ledgments ; and, for the satisfaction of those who have, in so 
flattering a manner, added their patronage to this treatise, 
I have annexed to it the opinions of the following Chemical 
Professors, whose authority will not be questioned on this 
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8u))ject : viz., Professor Brando, of the Boyal Institution, 
London ; Dr. Uro ; Dr. Brett, Boyal Institution, Liverpool ; 
and Dr. Kane, Royal Dublin Society. 

I have carefully revised the work, and have added 
some illustrations of the mode by which the principles I 
have dwelt on may be carried into practice. 

The diagrams, by which I have endeavoured to illus- 
trate the details of my subject, as regards those definite 
proportions in which the elements of the several bodies 
combine, having met the approbation of many chemical 
authorities of the highest standing, I have endeavoured to 
improve them, and now present them in, at least, a novel 
point of view, by being lithographed in colours. The value 
of this system of colouring will be apparent from the facility 
with which it enables us to appreciate the eifect of the 
relative proportions of each constituent, when considering 
the union of bodies in masses. 

This mode of appealing to the eye, in aid of the 
memory, will be found the more useful when we consider 
the importance, and even necessity, of attending to the 
volume^ as well as weighty of the several bodies with which 
we have to deal in the process of combustion. 

As I lay no claim to chemical authority, and am neither 
a professed chemist nor a mechanical engineer, but rank 
merely as a practical observer, I trust this treatise will be 
received in the spirit in which it has been undertaken, 
namely, as an effort to induce mechanical engineers, and 
those who are interested in the use of fuel in the several 
departments of the arts and manufactures, to refer more to 
the chemical conditions on which alone combustion can be 
effected, and the direction in which they should seek for the 
true principles on which their furnaces may be improved. 

Liverpool, March 1, 1841. 



PREFACE. 



It may be asked, why I should have undertaken to write 
a treatise on a branch of chemistry ; or why suppose I could 
say any thing on the subject of combustion which had not 
already been better said by many competent chemical 
professors. 

The reply to the latter question must be sought in the 
following pages. My reply to the former is a short 
statement of facts, which, I trust, will exonerate me from 
presumption, on the one hand, or any uncalled for 
interference, on the other. 

Being much interested in the improvement of steam-ves- 
sels, from my connexion with several steam navigation com- 
panies, and having had a longer and more extended experi- 
ence in the details of their building and equipping than» 
perhaps, any individual director of a steam company in the 
kingdom, my attention has been uninterruptedly given to 
the subject since the year 1823, when I first, established a 
steam company, and undertook to have the first steam- vessel 
constructed capable of maintaining a commercial intercourse 
across the Irish Channel, during the wmter months, and 
which, till then, had been considered impracticable. 

Since that time to the present, my object has been the 
imparting, through the instrumentality of the most experi- 
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enced sliip-buildcrs and steam-engine manufacturers, the 
greatest practicable degree of perfection and efficiency to 
every part of the hulls and machinery of steam-vessels. 

With respect to the improved state to which the huUs of 
steam-vessels have been brought, I refer to the papers and 
detailed specification for the building of the last of those 
belonging to the City of Dublin Steam Company, as furnished 
by myself and Mr. J. C. Shaw, the Marine Manager of that 
Company, to the Commissioners of Steam-vessels Inquiry, 
Josiah Parkes, Esq., Civil-engineer, and Captain Pringle, 
and printed in the Appendix to their Report. 

For a practical illustration of the perfection to which both 
huUs and machinery have been* brought, I refer to the steam- 
ship " Oriental,^^ one of those now under contract with her 
Majesty^s Government for conveying the East India Mails 
between Great Britain and Alexandria.* 

The result of this long experience is the finding, that, not- 
withstanding the improved state to which the construction 
and appointments of the hull and general machinery of 
steam-vessels have arrived, great uncertainty and risk of 
failure still prevail in the department of the hoikr^ as regards 
the me of /ml and the generation of steam. 

Much, certainly, has been done towards imparting 
strength to the boiler and lessening the risk of explosion. 
The most experienced engineers are, however, still unable 
to decide, premomly to trials either as to the quantity of fuel 
that wiU be consumed or of steam to be generated. 

It is true, the engineer, who undertakes the construction 
of the engines, also undertakes that the boilers shall provide 
a sufficiency of steam to work them ; but what that mffir 
ciency means, has not been decided ; and, in too many in- 
stances, the absence of some fixed data on the subject leads 

* The hull of the ** Oriental" was built by Messrs. Thomas Wilson and Co., and 
the machinery construoted by Messrs. Fawcett and Preston, of Liverpool. 



to complaints and refereuccs, wliieh, though they may 
end the disputes between the owners and makers of the 
engines, leave the eviU of a deficiency of Hteitm or a great 
expenditure of fiiel nnabated. 

If there happen to be " eteain enough^'' the engineer's 
triumph is complete ; although it is seldom that an account 
is taken of the quantity of fuel conaunicd, or whether it be 
attended with economy or waste. If with econoniy, the 
merit of the engineer is enhanceil ; but, if with waste, the 
sufferers, having no redress, keep their grievances to them- 
selves, and the leger account of fuel consumed is the only 
index to the cause of that absence of profit which is too 
often the usual result. 

So long as this uncertainty prevailed, and the consequences 
of failure were so serious, steam -ship owners wore naturally 
cautious in interfering ; although it was manifest, from the 
constant changes in the proportions and other details in the 
construction of their boilers, that the engineers themselves 
were without any fixed principles to guide them. So long 
aa the operations of ateara-vessels were confined to coasting 
or short voyages, the consequences of those defects in boilers, 
as regards the quantity of fuel, was a more question of pounds, 
shillings, and pence. When, however, those operations 
came to be extended to long-sea voyages, these consequences 
took a more comprehensive range, and involved the more 
important question, whether such voyages toere praciicahle 
or otherwise. 

Under the conviction of the danger of taking responsibility 
from the engineer, although alive to the prevailing uncer- 
tainty and risk, I felt, in common with other directors of 
steam companies, an unwillingness to interfere. From 
being so deeply interested in the improvement of this de- 
partment of steam navigation, I have watched, with no 
I anxiety, the efforts of the engineers to arrive at some 
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dogrce of certainty in what was admitted, on all hands, to 
be the most serious drawback to the successful application 
of steam-vessels to long-sea voyages. I perceived the absence 
of any intelligible or well-founded principle in the con- 
struction of the boiler ; — that the part on which most de- 
pended appeared least understood, and least attended to, 
namely, ihe/wmace ; and that this was too often left to the 
skill (or want of it) of working boiler-makers or bricklayers.* 
I saw that, although the great operations of combustion 
carried on in the furnace, with all that belongs to the intro- 
duction and employment of atmospheric air, were among 
the most difficult processes within the range of chemistry, 
the absence of sound scientific principles still continued to 
prevail ; yet on these must depend the extent or perfection 
of the combustion in our furnaces. 

Years were still passing away, and, while every other 
department was fast approaching to perfection, all that be- 
longed to the combustion of fuel — ^the producticm of smoke — 
and the wear and tear of the furnace part of the boiler, re- 
mained in the same status quo of uncertainty and insufficiency ; 
and, although the recourse to new plans and new smoke- 
burning expedients continued, and every year brought forth 
a new batch of infallible remedies for ^' consuming smoke 
and economizing fuel,^^ success and certainty seemed as 
unattainable as ever, notwithstanding the abundance of 
labourers in the field of speculation and invention. 

In fact, things seemed almost retrograding into greater 
doubt and want of system, rather than advancing to perfec- 
tion, or even keeping pace with the improvements of the 

* In a late treatise on * * Steam Boilers/' by Robert Armstrong, of Manchester, 
the author actually speaks of chemistry and its connexion with the subject of the 
combustion of Aiel with the degree of contempt which, to say the least, is discre- 
ditable to this age of mechanics' institutions ; and gives a preference, with no small 
degree of triumph and self-complacency, to the working bricklayer, rather than to 
the •* theories" of Davy or Dalton ! 



hulls and eiigiiiCB ; ami many of the fumai;fs, Imtli of marine 
and land boilers, constructed within the last few yeare, with 
the absence of any arrangement for effecting a perfect or 
economical use of fuel, exhibit greater violations of chemical 
truths, and a greater dopartmre from the principles on wliich 
nature proceeds, than any preceding ones which have come 
under my observation. 

With respect to the all-important cunfiiderations, the 
quantity of fuel required, or the moat judicious mode of 
effecting its combustion, the problem, — whether the boiler 
(for the furnace is never spoken of apart from the boiler) 
would generate more or less steam ; produce more or less 
smoke ; or consume more or less fuel, — still remained to 
be decided by the argumenhim, ad rem alone, — experivient ; 
when, if unsuccesaful, the evil would be irremediable, and 
the owners doomed to eat the bread of disappointment, if 
not of loss. The result of a boiler, on being tried, turning 
up a trump, and giving " plenty of Bteam," with a small 
consumption of fuel, was, indeed, tantamount to a profit- 
able employment of the vessel ; while the reverse was inevit- 
ably attended with a succession of alterations, and, moat 
likely, of loaa to the speculation. 

Practically speaking, then, the managers of steam com- 
panies aak, " Where are they to begin \ where look for a 
remedy for these too often overwhelming evils? Are they to 
remain in doubt for ever!" The interests of steam navigation 
companicB and steam-engine manufacturers aro alike con- 
cerned in the inquiry ; while the profit, il' not the practica- 
bility, of effecting long-sea voyages is actually dependant on 
this very point, the economizing fuel by effecting its more 
perfect combustion. 

These were the cousidorationa which operated with me 
when adding my mito to the inquiry ; an inquiry wliich, it 
, is manifest, will not bo originated by the " workuig boiler- 
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maker or bricklayer^; and, if I have not perfected the 
system which so loudly calls for improvement, I have, at 
least, directed the inquirer into the right road. 

On my own part, the reluctance to interfere and share the 
risk of failure was put an end to by an vnperiaus necemiy, I 
was brought to the conclusion, that, to remain any longer a 
mere spectator of those abortive efforts towards improve- 
ment, and, in all cases, to wait the result of trials before it 
could be ascertained whether a new boiler was to tnm out 
good or bad, wasteful or economic, was inconsistent, if not 
with the progress of steam navigation, at lea^ with the most 
vital interests of those for whom I was acting. 

This ultima ratio for interference, necessity^ became also the 
more urgent, since long-sea voyages have been contemplated. 
The determination to examine for myself and exercise my 
own judgment was forced upon me by the failure of the 
steam-ship the " Liverpool,'' on her first voyage to New 
York.^ I saw, that the owners and managers of steam 
companies could be in no worse position (as to risk or 
responsibility, touching the boiler department) from their 
interference, than that in which they were placed under the 
circumstances of nm-inter/erence. 

* The errors of the engineers and others, which led to the fiEdlare of the first 
▼oya^e of the *' Liverpool, "were erroneously and unworthily attributed to Mr. Shaw, 
Marine Manager of the Dublin Steam Company. The details hereafter to be given 
will show, that whatever interference took place on his part was dictated by sound 
judgment and experience, and tended to relieve^ if it could not remove, the 
original errors in the construction of the furnaces and boilers of that vessel. The 
circumstances connected with this vessel furnish an additional motive for interfer- 
ence on the part of the managers and directors of steam companies t for here was 
a practical illustration of the fact, that, not only may the owners of steam-vessels 
be doomed to suffer, in a pecuniary point of view, the consequences of the errors of 
engineers, but, possibly, be subjected to censure, and even calumny, from the efibrts 
of others to throw the onus of public disappointment from their own shoulders. 

I cannot allow this opportunity to pass without noticing the unwearied efforts 
towards effecting improvement, and the knowledge of all the details of the steam- 
vessel and its machinery, which have, during fifteen years, been brought to bear on 
this subject by Mr. Shaw, with whom much of those details of practical improve- 
ment originated, and which are now exhibited in the " Oriental," steam-ship. 



Ill the proper plat'e I will show, that, of late years, ah 
niucb UDCortaintT as to the success of a uew boiler hae pre- 
vailed as when I first began operations, eigbtecn years a^o ; 
and that few boilers, for hind or marine engines, even from 
well-establiabed houses, exhibit ruore in the way of effecting 
perfect combustion or ecojioniy of fuel than those of any 
former period since the days of \\'att. 

Among the proofs of this stationary or retrograding sys- 
tem, I will adduce the boilers originally placed in the 
" Liverpool." I will give the details of those boilers, and 
the several efKirte, on the part of the engineers, to remedy 
what I will show were inherent defects, and instances of 
contempt for those chemical principles on which combus- 
tion and the right use of fuel alone depend, I will show, 
that the cause of that wasteful expenditure of coals which 
marked the first voyage of the " Liverpool" was alone indu- 
ced by the original mal-construction of the boilers, with their 
twenty furnaces ;— by the injudicious mode of placiug them 
in the vessel ; — and the facility thus afforded to mismanage- 
ment in their working ; and that this latter, combined with 
the absence of sound judgment, in this instance, on the 
part of those in command, and an imnecossary and wasteful 
expenditure of fuel at the time when common sense would 
have suggested its being economized and reserved, were the 
direct causes of the failure which attended the first attempt 
of that vessel to cross the Atlantic. I will, from these facta, 
show, that, however well-judged and considerate may bo 
the plans of the directors of steam companies ; however 
spirited may be their efforts to have every thing as perfect 
and efficient as money or determination can make it; still, 
the -comparative efiiciencyof a steam-vessel — the satisfaction 
and patronage of the public — and the general success of the 
speculation will mainly depend on the manner in which the 
engineer performs his part. _ 
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Whether the following pages may succeed in leading to a 
diminution of those evils which accompany the use of coal 
in our furnaces, remains to be proved. They will, at least 
give a different, and, I trust, a more practical and useful, 
direction to the in(]uiries of other labourers in the same 
vineyard. 

I conclude these prefatory observations with the unequi- 
vocal assertion, that, if we study the chemical principles on 
which combustion is effected, and which I have endeavoured 
to explain, and if we apply those principles to practice in 
the manner I have pointed out, we shall not only be enabled 
effectually to banish smoke, with its numerous and accom- 
panying inconveniences, from our towns and manufactories, 
but, at the same time, considerably increase the effective 
power of our furnaces, and thus add economy to comfort. 

With this remark I submit the following pages to the 
notice of all who are interested in the subject. 



INTRODUCTION. 



" The economy of fuel is the secret of the economy of the 
Steam-engine : it ia the fountain of its power and the 
adopted measure of its effects. Whatever, therefore, con- 
duces to increase the efficacy of coal and to diminish the cost of 
its use, directly tends to augment the value of the Steam- 
engine and to enlarge the field of its operations." 

In theae words Mr. Joaiah Parkea introduces a valuable 
communication to the Institution of Civil Engineers, on 
"The Evaporation of Water from Steam-boilers," and I 
cannot find a more appropriate introduction to the present 
tract. Believing, also, with Mr. Parkes, that " we are yet 
far from having obtained either a complete knowledge of tlie 
most profitable manner ofsuhmitting coal to the process of comr 
hustioii, or applying the caloric so obtained to the generation 
of steam," I submit the following pages to the consideration 
of the public, and, especially, to mechanical engineers, as 
a step towards obtaining that desired knowledge. 

Mr. Parkes, in his several communications, has investi- 
gated and compared, with a masterly hand, the peculiar pro- 
perties of the several classes of boilers, as exemplified in 
practice, and their respective merits as evaporative vessels 
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T^hese, with the perspicuous and comprehensive tables 
appended to them, throw much light on this department of 
the production and application of steam power. One im- 
portant branch of the subject remains to be inquired into, 
namely, the operations carried on in that great alembic, the 
furnace — chemically considered ; and the adapting its arrange- 
ments so as to give full practical effect to the several pro- 
cesses which constitute combustion. 

Taking these in their proper order, in treating on Steam 
and the Steam-engine, the subject divides itself into the fol- 
lowing heads : — First, the management of fuel in the 
generation of heat ; secondly, the management of heat in the 
generation of steam ; thirdly, the management of steam in 
the generation of power. The first is in the department of 
\\iQ furnace^ the second of the boiler^ the third of the engine. 

The object of the present tract is the examination of the 
various circumstances connected with the generation of heat 
from fuel ; in a word, all that pertains to the first of these 
heads, the furnace ; the two others having already formed 
the subject of many able inquiries, by practical and scientific 
men. That which belongs to the construction of the engine^ 
and the endless varieties of boilers^ belongs to the several 
departments of mechanical engineering : that which belongs 
to the construction of the furnace, however, in aid of the 
combustion of fuel and the generation of heat, is strictly and 
exclusively within the department of chemistry. 

That this branch of the subject has been so much neg- 
lected is, in a great degree, owing to its having been confounded 
with the boiler, by which it fell into the department of those 
who were not likely to have studied the complicated chemical 
details which relate to combustion. 

One object contemplated in the following pages is, to dis- 
connect this division of the subject from that branch of 
manufacture — boiler-maiing, with which it has too long 
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been asBociated; and either take it out of tlie baiidfi of 1 
working bricklayer and others employed under the niechuni- 
cal engineer, or, what I hope to be able to effect, convey 
to that class of persons such an acquaintance with the 
chemistry of the subject as will qualify thorn for judging 
what is right or wrong in the inaixagement of fuel. 

That the subject under consideration is strictly chemical 
will be acknowledged when we look into its details, were 
any further proof necessary beyond the fact, that to the 
investigation of the mysterious process we call combuition, 
were the great talents and energies of that illustrious man. 
Sir Humphry Davy, long and anxiously directed ; — that to 
his labours and discoveries in this branch of chemical science 
much of his fame is attributable ; — and tltitt, to this day, his 
opinions are received as the highest authority by the whole 
scientific world. 

The subject before ua involves a consideration of the 
nature and properties of the various kinds of fuel : it 
examines the chemical action of their several constituents 
on each other i it seeks to apply those inquiries to the class 
of chemical results which may bo useful, and to avoid those 
which are mischievous : it investigates a very difficult 
branch of chemistry — that of gaseous formations, and their 
numerous and complex properties, combinatious, and 
equivalents. 

It involves, also, in an especial degree, the closest obser- 
vation on the separate influence which each of the consti- 
tuents of atmospheric air exercises on combustible bodies in 
the generation of those extraordinary elements of nature, 
heai and light; and, finally, it investigates the cauae and 
character of fame and smoke, and the influence these have 
on the foi-mer. The combustion of bitiuninous coal, in fact, 
involves a greater number of distinct natural phenomena 
and chemical results than almost any one i)roce6a in the 
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whole range of philoBophical inquiry. A knowledge of these 
results, at least a correct observation of the modus cperxMdi 
by which nature proceeds, as far as practice demands, is 
then an essential ingredient in an inquiry after the best mode 
of carrying out the operations of the furnace and the forge. 
It is not to be expected, that our firemen are to be 
chemists, or our engineers philosophers ; but it is to be 
expected, in this age of rational research and inductive 
reasoning, that we should avoid manifest and unscientific 
blunders in our every-day manipulations. And when we 
look to the influential part which coals and other combus- 
tibles are destined to perform, we have no ordinary stimulus 
in searching out the right path and practice. 

When we speak of burning coals under a boiler, the 
phrase conveys but an imperfect idea of what that operation 
is ; and, in a scientific point of view, a very inaccurate and 
slovenly one. The combustion of coals under a boiler may 
take place to a large extent, and yet a very low calorific 
effect be obtained, and the water evaporated thereby, that 
is, the amount of dttty peffarmed, or effect produced, may be 
much below what is rightly due to the qttcmtity of fuel 
employed. Now, this I take to be the case, to a great 
extent, in the furnaces of all boilers, especially in marine 
boilers^ and even in those connected with the justly cele- 
brated Cornish engines. The extraordinary duty obtained 
from coal in Cornwall appears due to the excellent plan and 
arrangements of the boilers, particularly as to dimensians^ as 
Mr. Parkes has satisfactorily shown ; and also to the system 
of usiug steam expansively^ in their engines, in a peculiar 
manner, and to a greater extent than in any other part of 
the kingdom, rather than to any improvement in the mode 
of effecting the combustion of the fuel. Indeed, it would 
appear, that the construction and arrangements of the 
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in Cornwall arc ae d«ficient and uiuoanJ i 
priuciple as those adopted elsewlierc 

In the following treatise I do not undertake to show how 
the smoke from coals can be burned; but i do uudertako 
to show how coals may he burned imthout tmoke ; and this 
distinction involves the main question of economy of fuel. 

When smoke is once produced in a fumaco or Hue, I 
believe it to be as difficult or impossible to burn it, bo as to 
convert it to heating purposes, as it would be to convert the 
smoke issuing from the flame of a candle to tbe purposes of 
light; and this assertion 1 make in the face of so many 
patents, from so many ingenious men. If, indeed, we could 
collect the smoke and unbumt gases of a furnace, and sepa- 
rate them from the products of combustion wbicb the flues 
carry off", they might, subsequently, be made instrumeutal 
to the purposes of light and heat ; but that is impossible. 

When we see smoke issuing from the flame of an ill- 
adjusted common lamp, we also find the flame itself dull 
and murky, and the heat and light diminished in quantity. 
Do we then attempt to hum that smoke f No ; it would be 
imposaiblo. Again, when we see a -well-adjusted Argand 
lamp bum without producing any smoie, we also see the 
flame white and clear, and the quantity of heat and light 
increased. In this case, do wo say the lamp huma its smoke ? 
No ; we say the lamp burns withoui smoke. This is the fact, 
and it remains to be shown why the same language may not 
be applied to the combustion of the same coal and the same 
gas, in t\\e furnace, asin ihelamp. Our object, then, should 
bo to draw the same distinction and effect the same practical 
diflerence between our furnaces as they ov^ht to be, and as 
they are, wlilch we see between the Argand lamp and the 
common one. This treatise will, 1 trust, sufficiently show 
how this may bo effected, and, by correcting the imperfec- 
tions of the old plan, lead ns to another and a better one. 
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It may be asked, how it has happened, that, hitherto, this 
lias not been effected ! I answer, because the chemistry of 
combustion has been neglected — not in the lahordtary^ but in 
practice ; and because the construction of our furnaces has 
been too much left to those who know little of the chemical 
properties of the materials which are consumed in them. To 
this day, the construction and arrangement of the furnaces, 
in our manufactories, and under the boilers of the steam- 
engines, are in the hands of bricklayers, working boiler- 
makers, and other individuals — ingenious in their respective 
departments, but who should not be expected to be acquainted 
with the details of another department so different as that of 
chemistry ; and whose habits and business cannot have led 
them to investigate or study chemical agencies and processes ; 
yet, on these agencies is the whole question of the efficacy 
of a furnace dependant. 

Are, then, our bricklayers or boiler-makers to become 
chemists ? No. But those who direct — ^those who assmne 
the charge of teaching them to construct the numerous 
descriptions of furnaces with which this country abounds, 
should be masters of the leading principles on which their 
art is based and the success of their operation depends ; and, 
I may add, in which the interest of their employers is so 
much concerned. 

Besides, the required information, as I shall be able to 
show, is not so extensive as to be inconsistent with their 
other avocations ; and I venture to say, if they study the 
facts and principles stated even in this treatise, their eyes 
will at least be opened to the folly of many of those 
" smoke-hv/rning'''' expedients which of late years have 
incumbered the patent list, and induce them to admit, 
that the lights of chemistry alone can guide them safely 
in those departments of the arts in which combustion 
forms a part. 
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And if we only observe what progreae has been made n^ 
many of the arta and processes arounii na ;■ — for instance, iii 
the arts of dyeing, bleaching, and glaBs-making ; in the 
manufacture of the acids and alkalies; even in soap and 
candle making ; and, above all, in the arts of gas making 
and gas burning — and all by the aid of chemistry ; it may 
be asked, why not avail ourselves of this aid in extracting 
heat, as well as light, from coal ! and in the combustion of 
gas in our furnaces as well as our (amps? Unfortunately, 
so many of our ingenious men have got on a wrong track, as 
I shall show in the course of these observations, that the 
current of invention has lately run even counter to the 
laws of chemistry, and to the works of those able men 
who should have been their only instructors. 

In undertaking, myself, to lead others and to avoid the 
imputation of, presumption, I obaervo. In limine, that I do 
not affect to give any new view of the nature of combustion, 
much less do I make any claim to discovery. What I take 
credit for is, the practical application, on the large scale of 
the furnace, of those chemical truths which are taught by 
the ablest chemist of the day, and so well known in every 
lahoraton/. 1 also take credit for bringing together the 
detailed and scattered facta and illustrations of such autho- 
rities as bear on the subject before us, and of so arranging 
and applying them, (with such additional illustrations as 
appeared to me conducive to the object in view,) as will, 1 
trust, enable practical men, without going deeper into the 
science than is compatible with their time and other avoca- 
tions, to understand that part which chemistry has to act in 
the construction, arrangements, and working of our furnaces. 
By this means only will they be enabled to neutralize that 
opposition and counteraction which ignorance and prejudice, 
under the assumed, though erroneous, title of "practice,'''' 
^^re so apt to give to the suggestions of science. This dispo- 
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sition to counteract our efTorts we may deplore, but cannot 
prevent. All thinking practical men acknowledge it to be a 
main ingredient in retarding the onward march of improve- 
ment, though to a less extent, certainly, in our days than 
) formerly; and it is, therefore, the more unport^it, that 

' mechanical engineers, in whose department these matters 

* principally lie, should see the reason and understand the 

principles on which so much of their success depends. 



SECTION I. 



OF THE CONSTITUENTS OF COAL, AND THE 
GENEEATION OF COAL GAS. 



In a treatise, purporting to describe the means of obtain- 
ing the largest quantity of heat from coal, the first step 
naturally should be an inquiry into the several varieties of 
that combustible and its respective constituents, for the 
purpose of ascertaining the inherent power of each for giving 
out heat. However interesting and useful such an inquiry 
would be, it is not essential to that practical view of the 
subject to which I would confine these observations ; and, 
as it would lead too much into detail, I merely give the 
following outline, which will be sufficient for our present 
purpose. 

The classification of the various kinds of coal and their 
respective volatile products, coke and ashes, according to 
Dr. Thomson, are as follows : 

Weight of Weight of IneombusMe 
1,000 parti of volatile product. Coke. Aehes, 

Caking Coal gives... 226 774 16 

Splint Coal 362 647 96 

Cherry Coal 447 622 100 

CannelCoal 600 400 110 
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More in detail, these varieties are composed of 

Caking Coal, SpUnt Coal. Cherry Coal. Cannd Cod. 

Carbon ... 7528 7500 74-46 64*72 

Hydrogen 418 6*25 12-40 21-66 

Nitrogen.. 15*96 625 10-22 13-72 

Oxygen... 4*58 12-50 2-93 0-00 

100-00 100-00 100-00 100-00 

Dr. Ure^s analysis, which is considered more correct, is 

as follows: 

Cannd Coal. SpUnt Coal. 

Carbon 72-22 70-90 

Hydrogen 3-93 4-30 

Nitrogen 2-80 0*00 

Oxygen 21-05 24-80 

^ 100-00 100-00 

From the details of an elaborate and apparently accurate 

analysis, made by Mr. Thomas Bichardson, with the aid 

of Professor Loibig,* I extract the following ; and which, 

it will bo seen, varies essentially from the preceding : 

TABLE I. 



Hpeoies of 








Azote and 




Coal. 


Locality. 


Carbon. 


HydroKen. 


Oxygen. 


Ashes. 


Splint 


Wylam 


74-823 


6*180 


5085 


13-912 


(( 


Glasgow 


82-924 


5*491 


10*457 


1-128 


Cannel 


Lancashire... 


83*753 


5*660 


8-039 


2*648 


cc 


Edinburgh ... 
Newcastle 


67-597 


5-405 


12-432 


14-566 


Clierry 


84-846 


5*048 


8*430 


1-676 


M 


Glasgow 


81*204 


5*452 


11-923 


1-421 


Caking 


Newcastle ... 


87*952 


5*239 


5-416 


1-393 


« 


Durham 


83*274 


5*171 


9-036 


2*619 



TABLE II. 



Species of Coal. 



Splint. 
Cannel. 
Cherry. 

cc 

Caking. 

(C 



Locality. 



Wylam ... 
Glasgow ... 
Lancashire 
Edinburgh 
Newcastle 
Glasgow ... 
Newcastle 
Edinburgh 



Quantity of 
Oxygen neces- 
sary to the per 
feet combustion 
of 100 parts of 
Coal, subtract- 
ing the Oxygen 
contained in the 
Coal. 



240*1 
250-5 
256-4 
217-6 
253-9 
244*0 

266-7 
250*2 



Relative quan' 
tity of Heat 



Relative quan- 
tity of Heat 



given out by the given out by the 
same 'weight of same volume of 



Coal. 
Edinboro 100*00 



110*34 
115*12 
117-83 
100*00 
116*68 
112*12 
122-56 
114-98 



Goal. 
Edinboro 100*00 



108*99 
114*16 

117*91 
100*00 

112*07 
107-78 
119*03 
111*31 



* The analysis is given in detail, in a late number of the Mining Review. 
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" The first table requires no explanation. The second table 
contains, in the first column, that quantity of oxygen which 
100 parts of the different coals abstract from the air for per- 
fect combustion. This quantity of oxygen expresses the 
relative heating power of the different coals, in admitting 
that the quantity of heat evolved by a combustible sub- 
stance IB proportionable to the quantity of oxygen which w (xm- 
mmed in its perfect combustion. This relation, according to 
weight and volume, is given in the second and third 
columns. For example, 100 volumes being taken, the 
Lancashire coal gives out more heat than the same volume 
of Edinburgh coal by a quantity expressed by 17*91 ; and 
100 parts by weight being taken, the former coal surpasses 
the latter in the heat evolved by the quantity expressed 
by 17-83.'^ 

I will not here offer any opinion on the above details, as, 
in the course of these observations, I shall have occasion to 
examine the influence which the relative proportions of the 
volatile and fixed constituents of coal have in the generation 
of heat. I have given the table of results, that we may 
have before us the leading characteristics of coal, and their 
carbonaceous and bituminous constituents, as ascertained by 
the latest experiments. 

Mr. Josiah Parkes justly observes, in his first paper on 
boilers, " Experiments are wanting on the relative heating 
powers of coal and coJceP And again, "We have every 
element for the purpose of investigation and comparison 
excepting one, viz., the relative strength of the coals em- 
ployed.**' By this is meant the quantity of effective^ avails 
able heat which the several descriptions of coals are capable 
of supplying, supposing such quantities of heat, respectively, 
to be the maximum result of complete combustion. Now, 
the only available test of the " strength ofcoaV is the weight 
of water evaporated by any given weight of it. To measure 
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the strength of coal, however, by this standard must be very 
fallacious, and, at leaat, can only be an approximation, nntil 
furnaces are more perfect, and the entire heating powers of 
coal shall have been obtained by perfect comhu&tien. 

^' Notwithstanding the great stride,^ observes Mr. Parkes, 
^^ ^ich has been made in the economy of fiiel by the Gomiisli 
engineers, the mmrces of mxute are still very great, and we 
may hope for great advance in evaporative economy, when 
c<mibusti(m^ (u a science and practical art^ has received the 
attention its merits.^* This is not only good authority, but 
great encouragement, inasmuch as the evi^rative eocmomy 
ct boilers, in relation to the effect produced by given weights 
of coal, has been more rigidly tested by him than by any 
who have preceded him, as far as the present system and 
construction of furnaces enabled him to draw conclusions. 

The theory of combustion is now well understood by 
scientific men ; but, as a pra^ytical art^ it still remains at a 
very low ebb. The works of the able chemists of our own 
country sufficiently elucidate the several phenomena of com- 
bustion and chemical action, confirmed, as they are, by the 
researches of the first electrician of the day, Dr. Faraday; yet 
these lights of science have not been practically applied to 
the use of fuel in the arts and manufactures of this country. 

We know, edentifieaUy^ that carburetted hydrogen and 
the other compounds of earbon require given quantities of 
atmospheric air to effect their combustion ; yet, we adopt 
no means, practically^ d[ ascertaining what qtuintities are 
supplied, and treat them as though no such proportions were 
. necessary. We know, sdentifcally^ the relative proportions in 

* These and the aabsequent commanicatioiis hj Mr. Parkes, pufolished by the 
Institution of GiTil En^eers in their transactions, should be consulted by boiler- 
makers and engineers, as they embvaee, in the most eomi»iieliensive form, the 
results, eomparatiTely anwqued, of the most aeeuiate experiments in the sevezal 
kinds of boilers and engines now in use. 
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which the coiutituents of atmospheric air are conibiaed ; yet, 
practically, we appear wholly iudifferent to tho distinct na- 
ture of these constituents, or their effects in combustion. We 
know, gcimtijkally, that the volume of any given weight of 
air or gas in in proportion to its rarefaction, and to the mea- 
sure of its 8peci&! heat ; yet, practically, we treat them, in 
their passage through the furnace, as though we were igno- 
rant of the cause or effect of expanaibihty. We know, aci- 
ent-yicalli/, the proportion of condensation and expamion due to 
the unions of the several compounds of hydrogen and carbon, 
and the products of their combustion ; yet, practically, we 
treat them in the furnace as though we knew nothing of the 
changes produced by chemical action. Wo know, »ciW(/f- 
cally, that the iuHammable gase^i are combustible only in 
proportion to the degree of mixture which is effected between 
them and the oxygen of the air ; yet, practically, wc never 
trouble our heads aa to whether we have effected such mix- 
ture or not. These and many similar illustrations exhibit a 
reprehensible degree of earelesanees, which can only be cor- 
rected by a sounder and more scientific knowledge of the 
subject on the part of practical engineers and manufacturers ; 
and this can oidy be attained through the aid of cJtmnistry. 
: Xothis latter I am, therefore, desirous of directing attention. 

" The main constituents of all coal, aa we see in the pre- 
ceding tables, are carbon and hgdrogen." To these are 
added various proportions of sulphur, oxides of iron and other 
metals, carbouate oS lime, magnesia, silica, alumina, and 
other earthy incombustible matter. 



heat geneToted from ' 
duabt bow they ute i 
larntlgstlDn before u 



Jona of oxygen sad oitcogeu are luuaJly fou 
nerer, do nut add to, or abstract from, the quantity of 
le ambtialible iDgredienti. nad as It ie a matter of great 
mbinect, tbey may be considered as neuter, as reganis the 
; I haTe, therefore, taken no further notlee of them. 
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It is not necessary here to go more into detail respecting 
several compounds which exist in coal, or their effect on 
combustion : sufficient for our purpose to know, that they 
are all more or less injurious, with the exception of the 
carbon and the hydrogen; and that these latter are the 
bases of the two leading characteristics of coal, as described 
by chemists, viz., the carbonaceous, or solid, and the bitu- 
minous, or volatile portions. Without going further into 
the nature and properties of coal, it will, therefore, be 
sufficient that we take these two leading, well known, and 
admitted divisions, and consider the subject of combustion 
with reference to them alone. 

Professor Brande, on this head, observes : " Carbon and 
hydrogen unite in several proportions and form many curi- 
ous and important compounds, among which it is sometimes 
difficult to distinguish those which ought to be considered • 
as distinct and definite combinations from others which are, 
probably, indefinite mixtures of the former. These com- 
pounds are, generally, termed hydrocarbons, and amongst 
them are some striking illustrations of one species of isome- 
rism ; that is, of compounds differing often essentially in 
their physical or chemical properties, or both, and, yet, 
apparently produced by the unioQ of the same dements and 
bearing the same relation to each other.**' 

Here we have, from the pen of this able professor, suffi- 
cient to satisfy us how intricate are the combinations and 
effects produced by the agents with which we have to deal. 
In the combustion of coal in our furnaces we have several 
varying compounds of the most powerful agents to which 
chemistry has introduced us, viz., carbon, hydrogen, oxygen, 
nitrogen, and sulphur, with their numerous combinations ; 
and what a field of inquiry does this enumeration open to 
our view ; yet, what proofs does every step in the inquiry 
afford of the difference between the extent of our scientific 
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acquaintance with the subject and its practical application. 
In pursuing the investigation, however, we must not be de- 
terred by this apparent labyrinth of difficulties. Our busi- 
ness is with facts ; to collect, arrange, and apply them to our 
several purposes, and, where we cannot develop the causes, 
to rest satisfied with the effects produced, and turn those 
effects to the business of life. 

In the natural state of coal, the bitumen and carbon are 
united and solid. Their respective characters and modes of 
entering into combustion are, however, essentially different ; 
and to our neglect of this primary distinction is referable 
much of the difficulty and complication which attend the 
use of coal on the large scale of our furnaces. 

The first leading distinction is, that the bituminous por- 
tion is convertible to the purposes of heat in the gaseous state 
alone ; while the carbonaceous portion, on the contrary, is 
combustible only in the solid state ; and, what is essential to 
be borne in mind, neither can he consumed while they remain 
united. The fact of this necessary separation^ premously 
to C(ynibustion^ is opposed to the popular notion adopted by 
many practical men, whose language and proceedings show 
that they have considered coal (a>s regards the process of 
conibustion) to be a homogeneous body ; or, at least, as sus- 
ceptible of being treated by a single operation, and capable 
of being ignited while in the state of solid coal ; yet, nothing 
can be more essentially distinct in the whole range of 
laboratory operations than the treatment oi solid and gaseous 
bodies. 

Indeed, the use of the term ^^fuel^'' as applied to the com- 
bustion of coal during its several processes in the furnace, 
without reference to any particular constituent, or the state, 
whether gaseous or solid, in which it exists at the time, is 
sufficiently indicative of the inaccuracy and inattention to 
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the chemical conditions and combustion to which I am 
referring.* 

This leads us to the first circumstance connected with the 
combustion of coal, which is overlooked in practice, and, as 
far as I have seen, not sufiiciently identified by those who 
have written on the subject : I mean, the negcUive character 
of coal as a heat-giving medium, or, more correctly speaking, 
its positive character as a cooliiig medium, so long as the 
bituminous constituents remain united with the carbonace- 
ous, or are in process of volatiUzatum. 

This circumstance, we shall hereafter find, merits particu- 
lar attention, inasmuch as it exercises great influence during 
certain stages of fhe progress towards combustion, and, 
therefore, demands peculiar management ; and as it is the 
direct cause of those undue and injurious fluctuations of 
general temperature in the body of the furnace, which too 
often derange the evaporative functions of the boiler. 

The general impression among practical men is, that coal, 
spoken of under the objectionable term of ^^fud^ enters into 



* Many instances of the mode of considering the combnstion of coal might here 
begiTon: they will, howcTer, be familiar to most readers. The following will suffice 
to explain my meaking. In a popular treatise on the steam-engine, by Dr. Lardner, 
the author, speaking of Brunton's rerolving grate, obserres, ** The coals are let down 
from the hopper on the grate, at that part which is most remote firom the flue, 
and, as they descend in yery small quantities at a time, they are dLnuM immsdiUxtdy 
iffniied," Here the cocU is represented as being ifftUted, or conyerted into flame, 
which is incorrect. Coal-gcu may be conrerted into flame, and oeike may be ignited, 
but coal can neither be ignited nor conrerted into flame. 

Again, " But, until their ignition is complete," (meaning, until the whole of the 
gas is expelled,) " a 9fMke will arise, which, passing to the flue orer the burning 
coal, wiU he ignited." Here it is the gaa which is ignited— the term smoke being 
improperly used instead of ffas. This, also, is incorrect, as smoke, properly speak- 
ing, being once formed, cannot be ignited or inflamed in the way, or by the means, 
here stated, at least, in the same ftimaoe. 

I do not mean to say the author was ignorant of these facts ; indeed, I am 
persuaded of the contrary. I merely quote the passages as a proof of the want of 
attention to chemical propriety and accuracy in the terms used when treating on a 
subject so purely chemical, and the adoption of terms by which popular error is 
too often confirmed and extended. 
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combustion at once, on the aj)pIication of lieat, in tlie fur- 
n;u;e ; and tliat, during ntch comb asHon, it evolves the guseoua 
matter which it contained. This, however, is neither correct 
nor scientific, and evades an important feature in the use of 
coal, namely, the order in which the gaseous and solid por- 
tions corae into use as hoat-giving media. Lot us examine 
this more closely and in detail. 

When heat is first applied to bituminous coal, the ques- 
tion naturally arises, What becomes of it ? or, What is its ■ 
effect! An ordinary observer would say, it will directly 
increase the general temperature of a furnace, by bringing into 
activity an additional mass of combustible matter. Xllti- 
mately, it will have that efiect ; but we are now inquiring, 
strictly and chemically, into the several pro/jresswe gtages of 
combustion, and must not deceive ourselves by general con- 
clusions, to the neglect of those intermediate circumstances 
from which important results arise, or which may require 
special arrangements ; and the circumstance I am now 
drawing attention to is just of such a character. 

A charge of fresh coal thrown on a furnace already in an 
active state, so far from augmenting the general tempera- 
ture, or giving oat heat, becomes at once an ahiorhmt of it. 
This cannot have escaped observation, although the extent 
to which this absorbing process ia operative, the cause of 
this absorption, the circumstances which accompany it, 
and its immediate consequences, seem to be very inade- 
quately appreciated. 

This heat, so absorbed, becomes at once the source of the 
expansion and volatilization of the bituminous portion of the 
coal ; in a word, of the generation of the gas : the absorption 
of the one being in an exact ratio to the generation of the 
other. Now, volatilization is the most cooling process of 
nature, by reason of the enormous quantity of heat which is 
directly converted from the seniille to the latent state ; and 
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this absorption of heat, taken frrni the general mass in tlis 
furnace and appropriated, as it were, by the coal to its 
own puq)oses of gasefaction, goes on until the whole of its 
Yolatilizable constituents have been thus winged for flight. 

The bitumen of the coal, by reason of the great porportion 
of hydrogen which it contains, (and which is its main con- 
stituent,) absorbs heat with great avidity, the first result of 
which is its change from the state of a solid^ to that of a tarry ^ 
viscous semifluid ;* and, subsequently, by further increments 
of heat, to the state of gas, with its enormously expanded 
volume. The effect is, that the large quantity of heat 
BO absorbed, and become latent in the gas, is wholly 
unavailable for the business of the furnace, and must con- 
tinue so until such gas enters into chemical union with 
oxygen, and is consumed. 

The continuance in such fused or semi-fluid state being 
but temporary, we cannot, as we do in the case of water, 
retain it, and ascertain the exact quantity of heat due 
to this specific state of semifluidity. Hence, we are apt 
to overlook, or underrate, its faculty of absorption; and 
BO also of the still greater degree of latent heat due to 
its gaseous state. Had we the power of condensing it, as 
we do when we condense steam, we should, in like manner, 
be able to ascertain the quantity of its latent heat. On these 
points it is instructive to consider the phenomenon, now so 
well understood, of the absorption of heat by water, during 
its expansion and volatilization ; — the conversion of coal into 
gas being strictly analogous, in principle, to the conversion 
of ice into water, and water into steam. 

We know that the heat of fiuidity of water is 140, while 
that of its elastic fiuidity, or state of steam, is 1000, accom- 
panied by an expansion of 1800 times its bulk or volume. 

* Coke is increased in bulk nearly one-third beyond that of coal : a proof of the 
Tiscous, fused state in which it had been before the separation of the bitumen. 
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What the corresponding numbers are, with reapect to the 

semifluid and gasemis states of the bitumen oF the coal, has 
not been ascertained, but cannot be taken at a lower estimate. 

We know, however, that heat, where it can be absorbed, 
produces expansion, and that it only ceases to be absorbed 
when the capacity of the body for retaining it is satisfied ; 
that is, when no more heat can be retained without a further 
change of condition or form, and when all further incre- 
ments of heat would pass off in a sensible state, by con- 
duction or radiation, aa fast as received, and become appre- 
ciable by the thermometer. 

Thus, we see how the relation between the consecutive 
changes induced by beat in ice, from solid to liquid, and 
liquid to vapour or steam, is a correct tj'pe of what takes 
place between the solid, semifluid, and gaseous state of the 
bituminous portion of coal. Thus, also, we understand 
how coal thrown on a fire can have no direct operation as a 
hsat-giving body, until, through its successive changes in 
form, character, and faculty of absorbing heat, its maximum 
power of retention has been reached, and its gaseous state 
assumed. 

We now see, that every fresh charge becomes, pro lanlo, 
an absolute refrigerator in the furnace, both mechanically 
and chemically. Mechanically, by its interposition between 
the glowing coals on the bars and the boiler, and thus 
intercepting radiation. Chemically, by the conversion of so 
large a quantity of heat (which would otherwise have 
worked the work of evaporation) from the sensible, 
thermometric state, to the insensible, latent state, in the 
gas. 

The _^rst of these sources of the cooling influence of a 
fresh charge of coals is alone what, in practice, is attended 
to ; while the second, though much more influential, is disre- 
garded or unknown. Of this, however, we shall have to 
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take further notice, inasmuch as it is an injurious accom- 
paniment of the act of charging a furnace. 

And here I would draw attention to the distinction, in 
point of time, which this process of gasefaction necessarily 
produces between the combustion of the two constituents, 
the carbon and the bitumen. So long as any of the bitumin- 
ous constituents remain to be evolved from any atom or 
division of the coal, its solid, or carbonaceous part remains 
blacky at a comparatively low temperature, and utterly 
inoperative as a heating body. This, we have seen, arises 
from the circumstance of the entire accessible heat being 
absorbed and carried off by the bitumen during its expan- 
sion and volatilization ; — such heat being, in fact, the cause 
and element of its volatility; whereas, the carbonaceous 
portion of such atom or division remains, without any 
increase of temperature, under the '*" cooUng process of gcue- 
fadiony'* (as Dr. Ure terms it,) beyond that which is required 
for expelling the gas. In other words, the carbonaceous 
part has to wait its turn for that accession of heat which is 
essential to its own progress towards combustion, and in its 
own peculiar way, as will be explained hereafter. 

The whole of this process, preparatory to the combustion 
of the gas, is well illustrated by what takes place in our 
gas-making establishments, and which exhibit the great 
quantity of heat required for this conversion ; yet, this loss, 
or appropriation of heat is strangely overlooked when 
operating with coal in the furnace. Now, we cannot be 
insensible to the fact, that whatever coal is used and heat 
employed outside the retorts, in our gas-works, is employed 
solely in expanding and expelling the bituminous matter, 
in the shape of gas, from the coal which is placed inside 
those retorts ; and that a corresponding expenditure of heat 
must take place when we expel the gas from the coals in 
our furnaces ; or, in fact, wherever gas is generated. 
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In the fetortg, however, no losa is euatained, the entire 
of the gas generated being collected and retained for subse- 
quent combustion ; whereas, having no power of retaining 
it under the arrangements of a furnace, much of it is there 
unavoidably lost. Thus, after the bituminous portion of the 
coal has so exhausted the furnace by this cooling process, (its 
own gasefaetion,) if we suffer it to escape without combus- 
tion, (and which, in most cases, is the fact to a considerable 
extent,) we are losers of absolute, effective heat, to the entire 
extent of what has been bo taken up : and, prospectively, to 
the extent of what it would have given out, had it duly 
entered into union and combustion with its equivalent of 
oxygen. 

We also see, that if this bituminous part, so converted into 
gas, at such an expense of heat from the fimiace, be not con- 
sumed and turned to account, it would have been better had 
it not existed in the coal ; as such heat would, in that case, 
have been saved and become available for the business of the 
furnace. To this circumstance may be attributed the alleged 
comparatively greater heating properties of coke, or anthra- 
cite, over bituminous coal ; not that the former has, in fact, 
the property of imparting more heat, weight for weight, 
but that the latter, by reason of the fugitive gaseous cha^ 
racter of its bituminous portion, and the physical and che- 
mical impedimcntH to its entire combustion, presents greater 
practical difficulty in bringing its heating powers to account ; 
no such difficulty occuring in the use of coke. The entire 
of the bituminous constituents being thus expelled, the 
second, or carbonaceous constituent remains. This, in the 
retorts, is called coke, and, as we shall hereafter have to ob- 
serve, cannot, by itself, bo reduced to a gaseous state. 

Thus we have before us not only the elementary constitu- 
ents of coal, but their subsequent separation under the forms 
of solid and gaseous bodies. The importance of this 
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distinction will be better understood as we proceed. Much 
confusion at present prevails in all that regards the use of 
coals in a furnace, by disregarding the several distinct pro- 
cesses to which we have been referring, and the order of their 
succession, viz., the expansion and fusion of the bitumen ; 
the generation of the gas ; its absorption of heat during 
such expansion ; its combustion ; the subsequent combus- 
tion of the solid carbon, and so on : for if not managed with 
due attention to the peculiarities and wants of each, these 
several processes interfere with and mar each other'*s effect. 
Now, these distinctions and their modifications, which will 
be noticed as we proceed, involve the whole question of perfect 
or imperfect combustion, and by which economy or waste 
is to be induced. In commenting on these several heads, 
I will be as explicit as possible, without going more into 
scientific detail than may be consistent with the means and 
opportunities of that class of practical mechanics for whom 
I write. 

The point next under consideration will be, the peculiari- 
ties, processes, and general phenomena incident to the com- 
bustion of the gaseous portion of the coal, as distinct from 
the carbonaceous or soUd portion. 



SECTION II. 



OF GASEOUS COMBINATIONS, AND PARTICU- 
LARLY OF THE UNION OF COAL GAS 
AND AIR. 



Having pointed out the leading characterigtic in the use 
of coals, arising out of its elementary divisions, bituminous 
and carhonaceom^ namely, that the first is available only in 
the state of gas^ and the second in that of a solid ; and 
having explained the first process of gasefaction, our next 
step in the progress towards the combustion of this gaseous 
portion is, its union with atmospheric air. This part of 
the subject will require the more attention, as the greater 
portion of the practicable economy in the use of coal will 
be found connected with the combustion of the gases ; and 
as the numerous combinations of which they are susceptible 
embrace the whole range of temperature, from that of 
flame down to a refrigeratory effect. 

The subject of gaseous combinations, then, is, without 
exception, the most important in the inquiry before us ; and 
those who would study the economy of fuel, and the obtain- 
ing from it the greatest quantity of heat, cannot dispense 
with this branch of it, — it is the alpha and omega of the 
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process of combustion. The mechanical engineer may ask, 
What has this to do with boiler-making or furnace-building? 
I tell him, it involves the whole question of right or wrong 
in these trades : and, hereafter, it will be admitted, that, if 
ignorant of this branch of chemistry, he must be ignorant 
of the first principles of his business, so long as a fur- 
nace is to be part of a boiler, and that coals are to be 
consumed in that furnace. 

On the application of heat to bituminous coal, the first 
result, as already mentioned, is its absorption by the coal, 
and the consequent disengagement of gas, from which all 
that subsequently bears the character of flame is exclusively 
derivable. This gas, whether it be in a close retort or in a 
furnace, is associated with several other substances more or 
less tending to deteriorate its inflammable properties and 
powers of giving out heat and light. In the preparation of 
gas for illuminating purposes, these impurities are separated, 
and the pure gas alone employed. As, however, this sepa- 
ration cannot be efiected in the furnace, and as the entire 
gaseous products of the coal, good and bad, are indiscrimi- 
nately mixed, and necessarily consumed together as they are 
generated, it is the more incumbent on us to be cautious, 
lest, by any injudicious arrangement, we force these im- 
purities into a more active energy, and thus increase their 
deleterious agency. 

We will not stop here to consider the nature of those im- 
purities arising out of the unions of sulphur, and the other 
injurious constituents of coal, although they exercise a con- 
siderable, and even a mischievous influence on the calorific 
effect of the burning gas in the furnace ; but will take those 
constituents alone which unite in forming the meful gases, 
and from which we are to derive heat. 
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These constituents are the hydroaen and the carbon : and 
the nnions which alone concern us here are, firet. eariutttUd 
hydrogen, and, second, hi-ca/iurstted Kifdrotjeii, commonly 
called olefiant gas. These two, and their unions with the air, 
in the process of combustion, we are now about to examine. 



Our object being to obtain heat by the combustion of these 
inflammable gases, this is the place for a few remarks on 
the nature oi combustion, and, particularly, as regards ;?aset> Ma 
matter, without going deeper into the subject than is ne- 
cessary for its practical application. 

Gases, as well as other bodies endowed with the power 
of giving out heat and light, have been called comhmiiblea. 
This term has been a source of much error in practice, from 
a misconception of its meaning, under the impression that 
combustibles possess, in some undefined manner, and within 
themselves, the faculty of burning ; and, although every one 
knows that they cannot burn iciihotd air, still, tlie part which 
air has to act in the process is but little inquired into by 
unscientific men. It is, indeed, within our o\vn time that 
the nature of this union of the gaa with the air has come to 
be better understood ; and, although the abstract question, 
as regards the immediate cause of that chemical action 
which we call combustion, may continue to be disputed, 
and new theories continue to be broached, still, for all 
practical purposes, it is now suflnciently defined and 
understood. 

Here we are called on to inquire, with reference to the 
gases under consideration, — ^¥hether there are any pecu- 
liarities or conditions which can influence the amount of 
heat to he obtained from them ? and, if so, what they are. 
This again involves other questions with reference to air, 
and the part which it has to act in the process ; and thus 
we are introduced, at once, into the chemistry of c 
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Ono advantage of viewing the subject in this light is, 
that we shall see how idle would be any calculation or ar- 
rangement as to the dimensions or details of a furnace, be- 
fore we had well examined and understood the rationale of 
that process on which those details must necessarily be con- 
tingent. For what chemist would begin by deciding on the 
dimensions of his retort or other apparatus, before he had 
considered the particular process to which they were to be 
applied ; or the nature, properties, and tendencies of the 
materials with which he was about to operate i Yet, such 
is the every -day practice of those who profess to mstruct us 
in the economy of fuel and heat ; and, as Tredgold and others 
have done, give precise formulae for deciding to a firaction 
the dimensions and details of our furnaces in which the 
operation of combustion, both of solids and gases, is to be 
carried on, while they neglect inquiring into the nature of 
the process itself, or the characters of the materials to be 
employed. The absurdity of this practice and the dangers 
into which it leads practical men will be more apparent 
when we come to consider the several parts of the furnace, 
and the duties which belong to each. 

Let us here take a different course. Let us begin at the 
beginning. Let us examine and understand the nature of 
the process to which we are about to submit our materials, 
and their respective peculiarities, conditions, and wants, 
during combustion, before we determine the size or shape 
of the vessel in which the operation is to be conducted. Let 
us thus qualify ourselves to decide on secondary consider- 
ations, by a thorough knowledge of the primary ones by 
which they are to be regulated. With these preliminaries, 
we go rationally, systematically, and satisfactorily to work ; 
otherwise, our labour will be vain, and only produce dis- 
appointment and loss. 
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Comhudibilitg, tlien. u not a quality of tbe combustible, 
taiea hy itself. It is merely a faculty which may be broii^t 
into action through the instnimentahty of a correepondiag 
faculty in acme other body. It is, in the ease now before 
us, the union of the coniiustibU with oxy^^n, and which, for 
this reason, is called the "gupporier^;' neither of which, 
however, ichen taken alone, can be consmned.-f' 

To effect combustion, then, we must hare a conAiulihle 
and a supporter of combustion. Strictly speaking, comboa- 
tioQ means union: but it means chemical union — one of 
the accompanying incidents of this kind of union being 
the emission of heat and hght. What the nature of heat 
is ; or the manner in which it is associated with matter ; or 
how it is liberated during chemical action ; and whether it 
is caused by electric, or by what other influence, is not hero 
to be considered. Sufficient for our present puqxwe is the 
fact, that the chemical union of the combustible and the svp- 
poiier, under certain now well-known conditions, is, for us, 
the cause of heat ; and, further, that esactly in the ratio that 
such union is complete is the quantity d^heat increased. 

But we have not the means of obtaining this necessary 
suppotier, this oxygm, in sufficient quantity, in a separate 
state, except at an expense which would render it incompa- 

* Tho term " lapporliT", w appliuil to oxygen, and aa indlcatiTe of its office in 
the proc«afl ot aorahwtioa, appears both ir^u^Iidooa imil defoetlTe. Wbere two 
badi« nniie to prodnce a kitch effect, the prescuce ot twtli. as in tbla cue, being 
egunlip essentinl la tbe produetdon of liglit and heat, the term '■ mpporter" wanid 
be rquailji applicable to tho one as tu tbu utber. Tbe French chemiati hsive adopted 
Bterm tot nbieh wahaTO no eorresponding one In English, namely, "combHTanr, 
meaning, a body which bums wiih anotber- 

t " la ordiuBT)' longiuec a body Is said to bum when its olementa unite with 
tlie oxygen of tbe ali, and fonn new products. One of tho bodies, as hydrogen. Is 
termed the boming or combustible body, and the oxygon is said to bo the suppor- 
ter of combustion ; but this lanifuage, althoagh convenient for commoiL use. In 
iucorrocC as a solentmc oipression, for osyesa may be burned in a vessel ot 
hydrogen, aa well as hydrogen In a veuel ot oaygen, the one and the other being 
Bonally adJYe in tbe prooeM, and being related to each other in every way alikn."— 

Ksls of CifmiMi-n. hj/ Robei-i Et<ite,M.D.: Pnrt I, p, E?5. 18*1, 
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tible with the purposes of a furnace. Our only alternative, 
then, is to apply to the atmosphere^ of which it forms a 
part, to satisfy our wants. Had we to purchase or manu- 
facture this oxygen, as Mr. Gumey does, in procuring 
the supply for his " Bude light*", we should, necessarily, be 
more economic of its use, and inquire more respecting its 
application. But, finding an abundant supply at hand in 
the atmosphere, and obtaining it without expense, we are 
careless of its use, and take no note of the large quantity 
of noxious ingredients with which it comes accompanied. 
Hence many of the evils to which I am about to draw 
attention. 

The unions we have now to examine are those which take 
place between the constituents of the coal and those of 
atmospheric air, namely, the hydrogen and carbon of the 
former and the oxygen of the latter. Dr. Ure calls the 
carbonaceous part of coal ^' the main heat-giving constituent.^ 
In this he must be understood to include that portion of the 
carbon which forms one of the cijpnstituents of the gases 
alluded to ; and, although, for the purposes of the furnace^ 
so much value is set on the solid carbonaceous portion — the 
coke^ we must not, on that account, undervalue the heat- 
giving properties of the gas. Indeed, the extent of those 
powers is strikingly brought before us by the fact, that, for 
every ton of 20 cwt. of bituminous coal, no less than 10,000 
cubic feet of gas are obtained, for which we pay at the rate 
of 10s. for every 1,000 feet : the heating and lighting pro- 
perties of the gaseous portiom alone of one ton of coals thus 
costing five pounds sterling. 

When, therefore, we consider the immense heating 
powers which such a mass of flame as 10,000 cubic feet of 
gas produces, we cannot resist the conclusion, that there 
must be something essentially wrong in the mode of bringing 



it into action Kiihin a furnace, as compared to its weH- 
known efficacy in an Argand burner. That thia is the 
fact will appear manifest as we proceed : and one of my 
objects is to show how the combustion of the voUtile , 
portions of coal may be effected aa completely, when issuing 
from the throat of a furnace, as from the beak of a gas- 
burner. 

Lot us bear in mind, that coal gae, whether generated in a 
retort or a furnace, is essentially the same ; although, in 
the latter case, it is 'accompanied by the impurities which 
I have alluded to. Again, that, strictly speaking, it is not 
inflammable ; as, 6y itself, it can neither produce flame 
nor permit the continuance of flame in other bodies ; and 
which is proved by the faet, that a lighted taper introduced 
into a jar of earburetted hydrogen, (coal gas,) so far from 
inflaming the gas, is itself instantly extinguished. 

How, then, is it to be consumed and rendered available for 
the production of heat ? The answer is, solely by effecting 
its chemical union — not with the air, aa is the vulgar and 
dangerous notion, but with the oseygffo, of the air — the " sup- 
porter" of flame — the heat-giving constituent of the air — in 
^iveit quantities, and at a given temperature. 

This, at once, opens the main question, — What are these 
quemtities, and what is this temperature, and are there any 
other conditions requisite for effecting the chemical union of 
the oxygen of the air with the inflammable gas, to the best 
advantage f 
, Effective combustion, for practical purposes, ia, in truth, a 

P question more as regards the air than the gas ; and the for- 
mer, as referable to our object, would appear better entitled 
to the term, combustible, than the latter, inasmuch as the 
heat is increased in proportion to the quantity of air we are 
enabled to use adnantageoitsly. Besides that we have no 
^^> control over the gas after having thrown the coal ou the 
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furnace, though we can exercise a control over the air, as I 
shall show, in all the essentials to perfect combustion. It is 
this which has done so much for the perfection of the lamp^ 
and may be made equally available for the furnace. 

Now, although this control, and the management arising 
out of it, influences the question of perfect or imperfect com- 
bustion, and, therefore, affects that of economy ; yet, strange 
to say, in an age when chemical science is so advanced, and 
m a matter so purely chemical, this is precisely what is least 
attended to in practice. The Aot^, and the wAen^ and the 
where this controlling influence over the admission and ac- 
tion of the air is to be exercised, are points demanding the 
most serious consideration, and can only be decided on gtrict 
chemical principles. 

These points I propose examining under the following 
heads : 

1st. — The qvjaniity of air required for the combustion of 

the volatile portion of coal — the gas. 
2d. — The quantity required for the combustion of the solid 
portion — ^the carhon^ after the gas has been ex- 
pelled. 
3d. — The quality of the air so employed, particularly as 

regards the combustion of the gas. 
4th. — ^The incorporation or diffusion of the air with the gas, 

and the time required for effecting the same. 
5th. — The mode by which the incorporation of the air 

with the gas may be best effected. 
6th. — Thep&wj^ where the air may, with the most effect, 
be introduced to the volatile and the solid or 
fixed portions, respectively. 



SECTION III. 



OF THE CONSTITUENTS OF COAL GAS, OR 
CARBURETTED HYDROGEN, AND THE QUAN- 
TITY OF AIR REQUIRED FOR THEIR COM- 
BUSTION. 



The first step towards effecting the perfect combustion of 
any combustible gas is the ascertaining the quantity of 
oxygen with which it will chemically combine, and the 
quantity of air required for supplying such quantity of 
oxygen. Here, then, we are called on for strict chemical 
proofs — these several quantities depending, not on the 
dictum of any chemist, but on the faculty which each 
particular gas possesses of combining with certain definite 
proportions of the other — the supporter ; these respective 
proportions being termed ^^ equivalents''' ^ or combining 
volumes. This doctrine of equivalents must, therefore, be 
understood before we can be prepared to admit the necessity 
of any precise quantities. This question, as to quantity, 
is also the more important when we consider, that the 
quantity of effective heat obtained by the combustion of 
any body will be in exact relation to the quantity of oxygen 
with which it will chemically combine. 



40 

Let us begin, then, by inquiring into the constitution 
of the coal gas, and the relative proportions in which 
its constituent elements are combined, as these necessarily 
govern the proportions in which it will combine with the 
oxygen of the air. 

Now, the doctrine of " equivalents****, that all-convincing 
proof of the truths of chemistry, being clearly defined and 
understood, reduces, to a mere matter of calculation, that 
which would otherwise be a complicated tissue of uncertain- 
ties. And let no mechanic feel alarmed at this introduction 
to " elementary atoms**'' and " chemical equivalents^^ or 
imagine it will demand a deeper knowledge of chemistry than 
is compatible with his sources of information : neither let 
him suppose he can dispense with the knowledge of this 
branch of the subject, if he has anything to do with the com- 
bustion of coal. Without it, he is at the mercy of every 
speculative " smoke-burning'*'' pretender ; whereas, with it, 
his mind will be at once opened to the simplicity and effici- 
ency — I may add, to the truth and beauty of nature**s pro- 
cesses, as regard combustion. 

There is not, indeed, a more curious or instructive part of 
the inquiry than that respecting the conditions and propor- 
tions in which the compound gases enter into union with the 
constituents of the air : neither is there one more intimately 
connected with the practical details of our furnaces ; these 
introductory remarks are, therefore, necessary for those 
who are not already familiar with it. Indeed, without 
some information on this head, the unions of the gases might 
appear capricious or uncertain ; whereas, in fact, they are 
regulated by the most exact laws, and subject to the most 
unerring calculations.* 

* Mr. Parkes, observes :—** We are nnftimished with any definite, determinate 
experiments regarding the proportions in which air and fuel unite during com- 
bustion. We are, practically speaking, altogether ignorant of the mutual 
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Much of the apparent complexity which exists on ■ 
head arises from the disproportion between the rolatire 
volume, or balk, of the constituent atoms of the several gases, 
as compared with their respective loeiffhts. 

For instance, an atom of hydrogen {meaning the sm&Ilest 
ultimate division into which it is supposed to be resolvable) 
is double the bulk of an atom of carbon vapour ; yet the 
latter ia six times the tcetght of the former. 

Again, an atom of hydrogen is double the bulk of an atom of 
oxygen ; yet the latter is eight times the weight of the former. 

So of the constituents of atmospheric air^nitrogen and 
oxygen. An atom ofthe former is double the bulk of an atom 
of the latter ; yet, in weight, it is as fourteen to eight. 

A further source of apparent complexity arises from the 
faculty of condensation, or diminution of bulk, which, in 
certain cases, attends the union of the gases. For example, 
one volume of oxygen, and two volumes of hydrogen, when 
united, condense into a volume equal to that of the hydro- 
gen alone (the weight being, of course, the sum of both) ; 
tliat is to say, one cubic foot of oxygen chemically com- 
bined with two cubic feet of hydrogen condense into the 

relationB whioh enbaiat between the comfiarfiWe and the supporter e/ambaslioH 
{Out fael and the oxy^nl ; uad, ttaangh we know, timt, withaat oxyRen, we oonnot 
ellDlt heat from co^, wa have yet to dlscoTer the moit productiTe eomhiOAtioaj 
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" Here, then, remains a. wide field (or researeh imd eiparinn 
ind&ed, Teqairlng the labours of a profound cheiniat.'' 

These matters are now bettor nnderstood, and those " mosl liroiiui.-titie COTsbliia- 
Uaiu" rendered EmiUiac and certain, by the labonre of that " prufound ehomist", 
John Dniton, who Brat drew the attention of tbe chemical world to the sul^ect of 
e^lvBlent pioportians. and langbt aa the importance and necessity of ascett^nins 
those proporttoBS— In ftct, of " reanmine by the alil Bf Bie balana." 

DaJton's papers were first read before the Maoclioster Phllosophleal Society, and 
pnhhshed in their memoirs In the year 1803. These yolnmes are very scarce, and 
lh*Tenotbeenable,anywhere, tomeetwithaoompleteeopy ofthem. The Royal 
InatltntloD, where Dayy bronght hia great discoyeries to liBbt, contains hot the 
Bre volntnes of tliB drat series. These lalamea, or, at lenat, the papen of Dalton, 
ihonld bo repnblialied, tor the purpose of showing the correct chain of reaaonlnf" 
by which the mind ot that acute philosopher proceeded. 
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bulk of two cubic foot : and so on, each union bearing its 
now ratio of volume and weight. This apparent complexity, 
however, we shall soon see give way to a systematic con- 
sideration of the subject. 

I have stated, that there are two descriptions of hydro- 
carbon gases in the combustion of which we are concerned ; 
both being generated in the furnace, and even at the same 
time, namely, the carhv/retted and hi-carlvretted hydrogen 
gases. For the sake of simplifying the explanation, I will 
confine myself to the first, as forming the largest proportion 
of the gas to be consumed, namely, the carburetted hydro- 
gen, or common coal gas^ as I shall call it, for the sake of 
brevity. 

Now, as, during combustion, the atoms of this gas become 
decomposed^ and its constituents separated ; and as these will 
be found to exercise separate influences during the process, 
it is essential that we examine them, as to their respective 
properties, weights, and volumes. 

On analyzing this mixed gas, we find it to consist of two 
volumes of hydrogen and one of carbon vapour ; the gross 
bulk of these three being condensed into the hulk of a single 
atom of hydrogen; that is, into two-fifths of their previous bulk, 
as shown in the annexed figures. Let figure 1 represent an 
atom of coal gas — carburetted hydrogen — with its constitu- 
ents, carbon and hydrogen ; the space enclosed by the lines 
representing the relative size or volume of each ; and the 
numbers representing their respective weights — ^hydrogen 
being taken as unity both for volume and weight.* 



* " Co f^u: (carburetted hydrogen) est compost de 75*17 parties (by weight) de 
carbone, et 34*33 d*hydrogene ; on, d*an txilume de oarbone gasenx et qnatre yolumes 
de gai hydrog^e» condenses a la moitie due yolume de oe dernier, on, aux 2/5 
du Tolume total da gai, de maniere que de cinq yolumes simples, 11 n* en resulte pas 
plus de deux de la combinaison."— £frrWiN5, Vol. 1., 330. 
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Although not intending to take any further notice, in this 
place, of the bi-carburetted hydrogen^ I have, however, annexed 
diagrams, figs. 2 and 4, representing this gas and its consti- 
tuents, that both may be under view at the same time ; and 
by which it will be seen, that although, in voltime^ the two 
gases are precisely the same, there is yet double the qwmtity of 
carb(m in the bi-carburetted that there is in the carburetted 
hydrogen : this circumstance is of great importance, and 
must be kept in our recollection, as these proportions will 
be found to have a considerable influence during the subse- 
quent process of its combustion.* 

I would here observe on the importance of keeping 
in mind this double relation of weight and volume, and 
the atomic constitution of these gases, as it will prevent 
much of that confusion which too often embarrasses those 
who are not familiar with the subject of gaseous com- 
binations. 

Let us now, in the same analytical manner, examine 
an atom of atmospheric air, the other ingredient in 
combustion. 

Atmospheric air is composed of two atoms of nitrogen 
and one atom of oxygen ; and here again we find a great 
disproportion between the relative volumes of these consti- 
tuents ; one atom of nitrogen being doMe the volume of an 
atom of oxygen, while there relative weights are as 14 to 8 : 
the gross volume of the nitrogen, in air, being thus four times 
that of the oxygen ; and in weight, as 28 to 8, as shown in 
the annexed figure 5. 

* The mode of representing the volumes of gas, by redangutar figoies, as 
adopted by Mr. Brande and other chemists, is fayourable, so far as stn^fe cBlotM are 
concerned, inasmuch as the eye at once recognises the relation between volumes 
and half volume. As, however, I shall have to do with nasaes of these gases, I have 
adopted circtdar figures, the relation between the sizes of the volumes of the diflfer- 
ent gases being the same. 
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Here wo are relieved from the complexity ariaiDg out of any 
difference in volume between these constituenta, when united 
and when separate. In the coal gas we found the consti- 
tuents condensed into two-^/ths of their gross built when 
separate : this, we see, is not the case with air ; an atom of 
which IS the same, hotk as to buli and weighi, as the sum of 
its constituents. 

Thus, we find, the oxygen — the heat-giving constituent of 
the air, bears a proportion in volume to that of the nitrogen, 
as 1 to 5 ; there being, in fact, but 20 per cent, of oxygen in 
atmospheric air, and no less than 80 per cent, of nitrogen; 
a circumstance which should never be lost sight of in all 
that has to do with its admission and appUcation. 

H Having shown the composition of coal gas, and also of air, 
[with the weights and volumes of their respective constituents, 
we now proceed to the ascertaining the separate quantity of 
o!Bffgert required hy each of those constiivrnte, so as to effect 
its perfect combustion, and produce the largest quantity of 
available heat ; in other words, to find the " chemical equi- 
'oaleiii"', or volume of air, required for the saturation of this 
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Now, this is to be decided, not by the quantity of air we 
may admit or force into the furnace, but solely by the faculty 
with which each of these constituents is endowed of uniting 
chemically with the oxygen. 

With respect to this power, or faculty of reciprocal satu- 
ration, the first great natural law is, that bodies combine in 
certain fixed proportions only^ — ^ remarkable feature in this 
law, as far as gaseous bodies are concerned, being, that it has 
reference both to volvme and weight ; thus, by their concur- 
rence, establishing the principle which now no longer admits 
of any doubt.* 

The important bearings of this great elementary principle 
of proportionate combination cannot be more strikingly illus- 
trated, or its influence rendered more familiar, than in the 
several combinations of Avhich the elements of atmospheric 
air are susceptible, and the extraordinary changes of charac- 
ter and properties which accompany the changes, in the 
relative qiia^fities alone, of the combining elements. 

For instance, oxygen unites chemically with nitrogen in 
five different proportions, forming five distinct bodies, each 
essentially different from the others, thus : 

Atonu, Weight, Atonu. Weight. Gross Weight. 

of Nitrogen 14 unites with 1 of Oxygen 8 forming Nitrous Oxide 22 

14 2 16 Nitric Oxide 30 

14 3 24 Hyponitrous Acid 38 

14 4 32 Nitrous Acid 46 

14 6 40 Nitric Acid 54 

* " L'experience a demontre que, de meme que lea Clemens se combinent dans 
des proportions fixes et mnltiples, relativement a lenr poidSj ils se combinent anasi, 
d*ane maniere analogue, relativement k leur volume, lorsqu'ils sont a I'etat de gaz : 
en sorte qu' un volume d'un ^l6ment se combine, ou, avec un volume egal au sien, 
ou aveo 2, 3, 4 et plus defois son volume d'un autre element a I'etat de gaz. En compa- 
rant ensemble les ph^nomenes connus des combinaisons de substances gazeuses, nous 
d^couvrons les memes loU des proportions fixes, que celles que vous venons de deduire 
de leurs proportions en i>oi(2s ; ce qui donne lieu a une mani^e de se representor les 
corps, qui doivent se combiner, sous des volumes relatifs a I'etat de gaz. Les de- 
gres de combinaisons sont absolument les m^mes, et ce qui dans I'une est nomm^ 
atome, est dans I'autre apell^ volume.""-BerzdiuSt Vol. Iv., 649. 
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...Nitric Acid. 



A description of the properties of these distinct bodies may 
be found in any chemical work of authority, and I only 
mention these unions to exemplify the importance of attend- 
ing to the proportions in which bodies unite ; as we here 
find the very elements of the air we breathe, by a mere 
change in the proportions in which they are united, forming 
so many distinct substances, from the laughing gas, nitrous 
oxide, up to that most powerful and destructive agent, nitric 
acid, commonly called aquorfortis. 

This case of the combination of nitrogen and oxygen also 
shows the importance of the distinction between mechanical 
and chemical union; these twoelexnenUhemgonlymechaniccUly 
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united in forming atmospheric air^ by which the essential 
properties of its two constituents are preserved unaltered ; 
whereas, in the five bodies above enumerated, the union is 
chemical^ and, consequently, the essential characters of their 
respective constituents are lost, and new ones obtained. 

Now, to apply these principles to the bodies under con- 
sideration, namely, the carbon and hydrogeny and ascertain 
the proportions of oxygen they respectively require to pro- 
duce chemical union. 

These two constituents, though united in the one body — 
the gas, yet, not only separate themselves during combustion 
in a remarkable manner, but, hy ttoo distinct processes^ form 
two essentially differmt tmions. This is an important feature of 
the development of chemical action which the law of equiva- 
lents at once points out and enables us to satisfy, although 
this double process does not appear to be understood, much less 
to be provided for, in practice^ though familiar to every chemist. 

On the first application of heat, or, what may properly be 
termed, the firing or lighting the gas, when duly mixed 
with air, the carbon separates itself from its fellow constituent^ 
the hydrogen, and forms an union with the former, the pro- 
duce of which is carbonic add gas. 

Now, the laws of chemical proportion teach us, that caiv 
bonic acid is composed of one atom of carbon vapour, (by 
weight 6,) and ttoo atoms of oxygen, (by weight 16,) the 
latter, in volume, being double that of the former, as in the 
annexed figure. 



Carbonic acid. 



Fig. 7. 
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ThuB, as far ss the carbou is concerned, we obtain th« 
information we sought, oaniely, its saturating equivalent of 
oxygen, and which we find to be just dAHtbU its oten eolante ; 
or, by weight, as 16 is to €. But, without the aid of chemistry. 
we should here have remained satisfied ; combustion would 
appear to have been complete ; there would be no smoke, 
and no visible indication of au imperfect or unfinished pro- 
cess. Yet, chemistry tells us, we have only disposed of 
the tme constituent of the gas, nam.ely, the carbon, and that 
the hydrogen, the second cotislUueni, remains yet to be ac- 
counted for, and converted to beating purposes,* 

It is true, the carbon was, in tpeiffJd. ecjual to sis parts out 
of eight (the original weight of the gas.) In hulk, however, 
it was but one Jifth; and when it is recollected, that, 
although the illuminating properties of the carbou are 
superior to those of the hydrogen, yet tliat the heating pro- 
perties of the hydrogen are far superior to those of the 
carbon, we can appreciate the loss sustained, should these 
4-5ths of the gas remain unconsumcd. 

To this may be added, the probable injury done to the 
heating powers of the flame by the conversion of any part 
of this otherwise valuable hydrogen into one of the moat 
destructive compounds which can be met with in the fur- 
nace or flues, namely, ammonia, composed of unconsumed 
hydrogen and a portion of the nitrogen liberated from the 
air. Thus we have a double motive for providing against 
the escape, uncomumed^ of the hydrogen of the gas. 

What, then, is to be done ? Let ua complete this second 
process as we did the first : let us supply this hydrogen, this 
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remaining 80 per cent, in volume, of the gas, with its own 
proper equivalent of oxygen, as we did in the case of the 
carbon. 

But what is this second equivalent ? By the same laws 
of definite proportions we learn, that the saturating equiva- 
lent of an atom, or any other given quantity of hydrogen, is, 
not double the volume, as in the case of the carbon, but one- 
half its volume only — the product being aqueous vapour, that 
is, steam ; the relative weights of the combining volumes 
being 1 of hydrogen to 8 of oxygen ; and the bulk, when 
combined, being two-thirds of the bulk of both taken toge- 
ther, as shown in the annexed figure 8.* 

We thus find, that to saturate the one volume of carbon 
vapour, two volumes of oxygen are required ; whereas to satu- 

* Professor Brando puts this so clearly that I here give his own words:— 
"The simple ratio which the weitjMs of the combining elements bear to each 
other involyes an equally simple law in respect to combining volumes, where sub- 
stances either exist, or may be supposed to exist, in the state of gas or rapour. 

*' Thus, water may be considered as a compound of 1 atom of hydrogen and 
1 atom of oxygen, the relative weights of which are to each other as 1 to 8. Hence 
the equivalent of the atom of water will be, 1 hydrogen + 8 oxygen — 9. But 
oxygen and hydrogen exist in the gaseous state, and the weight of equal volumes of 
those gases (or, in other words, their relative densities, or specific gravities) are to 
each other as 1 to 16 ; hence 1 volume of hydrogen is combined with i a volume of 
oxygen to form 1 volume of the vapour of water , or steam : for the specific gravity of 
steam, compared with hydrogen, is as 1 to 9. The annexed diagram, therefore, will 
represent the combining toeii/hts and volume of the elements of water and of its 
vapour." 
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The following is also much to the point :—*' La composition de I'eau est un des 
elemens les plus necessaires aux calculs des chemistes, les demiers experiences de 
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Here we see, that, in the case cf this _fint cooatitaent, w 
above, the ialf volume c^ carbon and tme volume of axj^en 
become condensed into ODe volume of caibcmic »dd (as Ehon 
in figure 7) ; and that, in the tecoitd coDstitnait, the two 
volumes (meaning double bulk) of hydrogen and otte volume 
of oxygen become condeoEed into two volumes (S steam (ss 
shown in figore S.) 

No facts in chemistr)'- therefore, can be more decidedly 
proved, than that one atom of hydrogen and one atom (^ 
oxygen (/A* former heing doable lie buli of the latter) unite 
in the formation of water : and, farther, that one atom of 
carbon vapour and two atoms of oxygen {the latter being 
doj^le die &ulk of t/ie former) nnite in the formation of 
carbonic acid gas. 

Thus, tho ultimate fact of which we were in search is, 
that the one eondeuaed volimie of the gas, as generated 
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from the coal, requires two volumes, or double its bulk of 
oxygen^ that being the quantity required for the saturation 
of its constituents when separated. 

Now, this is the entire alphabet of the combustion of the car- 
buretted hydrogen gas. 

Having thus ascertained the quantity of oxygen required 
for the saturation and combustion of the two constituents of 
coal gas, the only remaining point to be decided is, the quan- 
tity of air that vnll be required to supply this quantity of 
oxygen. 

This is easily ascertained, seeing that we know precisely 
the proportion which oxygen bears, in volume, to that of 
the air. For, as the oxygen is but one-ffih of the bulk of 
the air, fve volumes of the latter will necessarily be required 
to produce one of the former ; and, as we want tu^ volumes 
of oxygen for each volume of the coal gas, it follows, that, 
to obtain those two volumes, we must provide ten volumes of air. 

Thus, then, by strict chemical proof, we have obtained 
these facts : — First, that each volume of coal gas requires 
two volumes of oxygen ; secondly, that to obtain these two 
volumes of oxygen we must employ eight atoms of air; 
thirdly, that these eight atoms of air are equal to ten 
volumes of the coal gas ; each volume of the latter, in fact, 
requiring ten volumes, or ten times its bulk of air : thus, 

Ten volumes of air are the same as eight atoms ; 
Eight atoms of air produce four atoms of oxygen ; 
Four atoms of oxygen are equal to two volumes of the same ; and 
Two volumes of oxygen saturate one volume of the coal gas : 
Therefore^ ten volumes of air are required for each one volume of 
this gas. 

We now see why ten volumes of air are required for each 
volume of gas, and why neither more nor less will satisfy the 
conditions of its combustion. For, it more, the excess, inde- 
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much heat as it would take up by its expanding faculty. 
And if less, a corresponding quantity of either hydrogen or 
carbon would be deficient of its supporter, and necessarily 
pass offuncombined and unconsumcd. 

The difficulty of keeping in mind these complex relationi 
of the gases, with their relative volumes, number of atoms, 
and states of condensation and expansion, present great 
obstacles in the way of those who have not attended to the 
subject. To assist the unlearned in this matter and aid the 
memory, and with the view of bringing these facts under the 
eye in a condensed form, 1 have prepared the diagram or 
tabulated view, (No. 1,) of these several processes, and, espe- 
cially, of the order in which they come into operation ; a 
circumstanco which is wholly overlooked in practice, but on 
which, a^ I shall hereafter show, depeads the ciicunistaDces 
of perfect or imperfect combustion. 

As the proportion of air required for the combustion of 
the hi-carittrretied hydrogen (olefiant gas) is necessarily larger 
than what is required for the cariuretied hydrogen, I have 
also added a diagram of the former, (No. 2,) on the same plan, 
and showing the volume of air required for its combustion. 

The only observation here necessary to make on the difler- 
ence between these two gases is, that, as this latter gas con- 
tains two atoms of carbon instead of one, it follows that a 
proportionate additional quantity of oxygen will be required 
for this additional atom of carbon. Hence, if carburetted 
hydrogen requires two volumes of oxygen for combustion, 
the bi-carburetted hydrogen will require three volumes. 
And so of air: if ten volumes of air are required for 
the one gas, fifteen volumes are, consequently, required for 
the other gas. This will be seen by reference to the second 
diagram. 



64 

I conclude this part of the subject in the words of my 
talented and esteemed friend, Professor Brande, when treat- 
ing of the same matter. " My object here has been to divest 
the subject of all hj'pothetical difficulty, and to present it 
to the student as involving a series of important practical 
applications, and as founded on the basis of experiment.^^ 

It is also observed by that able practical chemist. Dr. 
Bcid, of Edinburgh, in his Elements: — "Since the existence 
of chemistry, as a science, no principle is pointed out so 
broadly connected with the whole range of its investigations 
as the laws of combination in definite proportions. It em- 
braces not only some of the most brilliant discoveries, but 
also many of the most useful practical ajppUcations of the 
science, and has enabled the accumulated mass of facts, which 
it now embraces, to be reduced to a comparatively ^^^amafic; 
law.'''' 



OBSERVATIONS EXPLANATORY OF THE DIAGRAMS 
REPRESENTING THE COMBUSTION OF CARBURETTED 
AND BI-CARBURETTED HYDROGEN. 



First, of the carburetted hydrogen, diagram No. 1. 

The following observations will enable the reader more 
adequately to appreciate the effect of the several changes 
which occur during the complicated process of combustion 
of coal gas, as shown in this diagram. They will also assist 
him in recollecting the relations, as to quantities^ between 
the several bodies which unite during that process, and the 
compounds which such quantities relatively produce. 



Iq the^rsl column, to the left, are represeuted the elemen- 
tary constituents of a single atom (aud, proportioDallv, of an; 
larger quantity) of the mixed gaa, carhwttted hydrogen ; and 
below it, in the same column, those of four atoms of atmo- 
spheric air, which we shall see is the '■'■ e^itlcalsnf^ required 
for its aatnration and combustion. This column presents us 
with an aggregate of fifteea separate atoms, thus : 

co-G- u:"°if'^^°i'r""! !«>"■■»"'»-«.• 

1 atoms of Oxygen : a supporter of comhustioD. 
S atoms of Nitrogen: neither combustible nur a sop- 
porter of combustioa. 
Total 15 atoms 

We see, (by this first column,) that the coal gas is com- 
pounded of tv^o atoms of hydrogen and one atom of carbon 
vapour, which, for brevity sake, may be called earboa. This 
elementary constitution of the gas should be kept in mind 
while examining the succeeding changes ; since each of 
these three atoms, during combustion, will be found to take 
its own road, and form its own particular union and product.* 

The second column represents these constituents in their 
combined states of gas and air. 

The third column represents the mixing or mere bringing 
together of the five compound atonns from column tico. 



rospber 
Total 



* Tho eiplanatioD of the symbols emplojed lasgiTpn at the toot of thediaffranil 
will Bbow the relatlTfl eize and weight at each simple or compoontl atom— AjidroiKii 
being token aa uniln for both parpoMS. Theao relative proportions are tn lonTor- 
mity vith what ia laid clown by the Srst British chcmiata of Uie day. Bcizelias. 
■nd the coutiosntal choiniats Bflor bini, have taken Mjoeii aa nnitj-. The rcaiona 
stated by Mr. Brande, in hia Manual oF Cbemlatry, appear sufficiently strong in 
Ibvour of the practice among British chemists. 

In flostrlTlng these aymbala. I have given to each a colour moatanalogous to our 
Donceptlon ofthe bodies they represent, Tiz.. carbon, black, as IndtcatlnRcharcoal ; 
oTjBen, red, the bent repreaentatiro of Are. of wliicbit Is the direct source ; nitrogen, 
bine, as iudlcatlTe of atmoapberie air, of which it forms so large B portion aa four. 
Hfths. Hydrogen I had at flrst represented sreen, from its coiroapouding with the 
eolour wbieb is usually given to sea water, of wblch hydrogen forma the largest part 
Oteen, however, being undintlngnisliBble from blue by candle light, I baye subati- 
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This peculiar kind of mixing, teclmicallj called " diffu- 
siiyiC*^ is effected by the influence of some hitherto unknown 
faculty which is peculiar to all gaseous bodies ; as by it, and 
contrary to the laws of gravity, those several atoms are 
brought within their respective spheres or range of mutual 
chemical action. 

This contiguity of atoms, therefore, is an essential prepara* 
tive. It is, in fact, the ^ne qua non of subsequent union — 
each of the three atoms of the comhustihle being thus in a 
position favourable for chemical action and union with its 
respective equivalent of the " supporter''' whenever they shall 
be urged to such action by increased temperature. 

All being so arranged, this is the state of things and the 
time favourable for ignition and combustion. On the neces- 
sary heat being applied, new changes take place throughout 
the whole. All the atoms become expanded ; their respec- 
tive and relative forces of adhesion or attraction changed, 
and a new arrangement takes place, as represented in the 
next column. 

Column ybwr represents this new state of things, which is, 
in fact, the first process or stage of actu^al combmtion ; and 
which is effected by the decomposition^ the breaking up^ or 
separation of the elementary constitutents, both of the gas 
and the air, and bringing them to the state exhibited in 
column one. By this separation, each is enabled to enter 
into new engagements, and attach itself to such portion or 
portions of the supporter — the owygen, as its peculiar nature 
and force of affinity qualify it to adopt. 

Here we perceive, (column 4,) that the relative quanti- 
ties of gas and air are in exact saturating proportions : each 
of the three atoms of the combustible taking its proper place, 
on being supplied with its due proportion of the supporter^ 
preparatory to that chemical union and condensation by 
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which the new classes of bodies — the products of their com- 
bustion are produced ; the inc&mhustihU nitrogen aloue 
remaining unattached. 

Column fve represents the results or products of these 
unions, namely, one atom of carbonic acid from the com- 
bustion of the OTie atom of carbon ; and two atoms of aqueous 
vapour, or steam, from the combustion of the two atoms of 
hydrogen ; the great mass of nitrogen (eight atoms) paaeing 
away uncombined. 

In observing this curious arrangement by which the satu- 
ration of all the combustible atoms is effected, we perceive, 
that the three atoms of the combustible are apportioned 
among /our of the supporter. This, we sec, is the result of 
the one atom of carbon requiring ftpo of the supporter, 
while the two of hydrogen are satisfied with one each. 

Now, in this arrangement, no excess or deficiency appears 
among the useful — the heat-producing ingredients. Could 
we have dispensed with, or avoided the presence of, such an 
excess of nitrogen, (which is neither a combustible nor a 
supporter of combustion, but, on the contrary, a mischievous 
intruder,) the several unions would have been less embar- 
rassed — their combustion more rapid and complete — ^and the 
intensity of their action much increased. That, however, 
was impossible, the presence of so large a quantity of nitro- 
gen being the unavoidable condition of obtaining the oxygen 
through the instrumentality of atmospheric air. 

It is here to be observed, that the process of combustion, 
as thus described, is the most perfect that could be produced 
either in a furnace or a lamp : any deviation, therefore, by 
means of e.\cess or deficiency, or from any interruption or 
interference, such as the interposition of another gas, 
must be more or less destructive of the desired effect, 
namely, the generation of the grea:test quantity of available 
heat. 
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The first impression, on looking at this diagram, is that 
caused by the preponderating quantity of the ccdour, blue, 
representing the useless nitrogen. Hence we see the danger 
of forcing it into union with either of the combustibles. On 
this head we need have no apprehension, if the necessary 
quantity of air he mppUed^ a/nd the preparatwy mixture j or 
diffusion^ he duly effected ; both of which are equoMy essmttial 
to entire combustion. If these conditions be complied with, 
the stronger affinity which carbon and hydrogen have for 
oxygen, will always secure to the latter a preference. 

But, let us suppose the case of a deficiency of air by the 
supply being short of what chemistry has shown is the 
saturating quantity. In that case, should any portion either 
of carbon or hydrogen, from the want of oxygen, combine 
with nitrogen, (which, we see, must always be iu excess,) 
we should only be exchanging a valuable heat-giving union, 
for an injurious heat-absorbing one : carbon forming cyanogen, 
and hydrogen forming ammonia, by their unions with the 
disengaged nitrogen. 

The next impression which an inspection of the diagram 
produces is, that it presents to our view the exact proportions 
of air and oxygen required. This is strikingly exhibited in 
cohmm four, where we see each atom of the combustibles and 
the supporter has its precise duty alloted to it, and that 
if, on the one hand, there were any deficiency of oxygen, one 
or other of the atoms of the combustible beifhg left unthaut 
a supporter, must necessarily pass away uncombined and 
unconsumed ; so, on the other hand, if there were any excess^ 
it could be of no service as a heo^-giving body, from the want 
of a combustible with which to unite ; but would become 
positively injurious by its cooling influence and the quantity 
of latent heat it would carry out of the furnace. 

In observing column three, we cannot avoid being struck 
with the disproportion between the largeness of the required 
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volume of air comparatively with the ^maUness of the volume 
oi gas with which it is to unite and be consumed. This also 
suggests the difficulty of introducing so large a mass of air 
to the gas^ without the risk of injuriously reducing its tem- 
perature below the point of accension, or kindling. This, in 
fact, is the main difficulty which we encounter when burning 
coal on the large scale in the furnace. 

We see, however, that neither more nor less, even to that 
of a single atom, can satisfy the condition of eritire combus- 
tion of the gaseous portion alone of the coal ; and that it is 
o^jily suflFering ourselves to be deceived by appearances, if, 
from the absence of any visible black smoke, we imagine 
we have effected entire combustion, while any deficiency 
exists in the supply of air. 

To this may be added a diagram, after the mode adopted 
by Professor Brande and others, and which so clearly indi- 
cates the relative weights of the atoms employed both 
before and after combustion. 

Before combustion. Elementary mixture. Products of combustion. 



Weight. 

8 Carburetted 
Hydrogen. 



144 Atmospheric 
Air. 



Atoms. 
1 Carbon ... 

1 Hydrogen 

1 Hydrogen 

1 Oxygen ... 

1 Oxygen ... 

1 Oxygen ... 

1 Oxygen ... 
8 Nitrogen 




Weight. 

22 Carbonic stcid. 

9 Steam. 

9 Steam. 



152 



152 



112 Uncombined 

Nitrogen. 

152 



Secondly, of the hi-carbwretted hydrogen, or defiant gas, 
diagram No. 2. 

The preceding observations are all equally applicable to 
the diagram representing the combustion of this gas, bi- 
carburetted hydrogen, a portion of which is always found to 
exist in ordinary coal gas. 
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In this diagram the preponderating quantity of nitrogen 
(blue) is still more apparent, inasmuch as the quantity of 
air required for the combustion of hi-earburetted hydrogen is 
Jifiem times the volume of the gas to be consumed, instead 
of ten^ as in the combustion of carburetted hydrogen ; the 
whole of the difference between these two species of inflam- 
mable gas arising out of the addition of a single atom or 
proportion of carbon^ as will be seen by an inspection of the 
first column in both diagrams. 

In the first colunm are given the elefiientary constituents 
of an atom of this gas and six atoms of air, that being the 
e<[uivalent required for its saturation and combustion. In 
the former diagram we had an aggregate of 15 atoms : in 
this we have 22 atoms : namely, 

1 .torn of the gas | I ^Z o/ h^'r^el'^ ' i "o* -»"-«"«. 

6 atoms of oxygen the supporter of com- 
bustion. 

12 atoms of nitrogen neither combustible nor 

supporter of combustion. 

22 

To this may also be added a diagram corresponding with 
that of the carburetted hydrogen : thus, 

Before combustion. Elementary mixture. Products of combustion. 



6 atoms of air 



Weight, Atoms, 

14 Bi-carburetted 
Hydrogen. 



Weight. 



216 Atmospheric 
Air. 



- 



230 



1 Carbon ... 
I Carbon ... 
1 Hydrogen 
1 Hydrogen 
1 Oxygen ... 
1 Oxygen ... 
I Oxygen ... 
1 Oxygen ... 
1 Oxygen ... 
1 Oxygen ... 
12 Nitrogen...l68 

230 




Weight, . 

22 Carbonic acid. 

22 Carbonic acid. 

9 Steam. 

9 Steam. 



168 Uncombined 

Nitrogen. 

230 



SECTION IV. 



OF THE QUANTITY OF AIR REQUIRED FOR 
THE COMBUSTION OF CARBON AFTER THE 
GAS HAS BEEN GENERATED. 



Having disposed of the question of quantity, as regards 
the supply of air required for the saturation and combustion 
of the bituminous, or gaseous portion of coal, we have now 
to answer a corresponding question, with reference to the 
carbonaceous part resting in a solid form on the bars of the 
furnace, and assuming a red, glowing appearance, after the 
gaseous matter has been evolved. 

We have seen, that, in the formation of the carburetted 
hydrogen, a considerable portion of the carbonaceous con- 
stituent of coal has been separated and carried away by the 
hydrogen in the gaseous form^ forming the carburetted 
hydrogen : the remainder of such carbonaceous matter is 
what we have now to deal with ; the difference, as regards 
combustion, between these two portions of carbon being so 
important as to demand a special notice. 

On the gases being expelled from coal, in the retorts of 
gas-making establishments, the solid portion which remains 
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is called coke. With reference, however, to its condition in 
thefunuice^ (and in which condition we are now considering 
its union with oxygen,) I know not what to call it; 
no distinctive temi having been applied to it. This can 
only be accounted for by the fact, that this natural, indis- 
pensable division of the process of the combustion of coals 
in the furnace has not been sufficiently identified or de- 
scribed by scientific men. 

Now, what is this substance for which a distinctive name 
would be desirable, as well for the sake of perspicuity as 
brevity, when speaking of its properties and the peculiarities 
with which it enters into combustion ! It is not coal, nor 
coke, nor cinders, nor carbon ; yet it partakes of many of 
the properties of each, although it differs from them all. 

That for which I am desirous of having a distinctive ap- 
pellation is the portion of the carbonaceous constituent of 
the coal which remains on the bars of a furnace after the 
coal has given ofi* its volatilizable part, and while it retains 
its red, glowing, or incandescent character, and is ready to 
enter into combustion. 

This solid matter, which, in the absence of a more precise 
term, I will call carbon^ as involving its leading characteris- 
tic, is stated, by chemists, to be susceptible of uniting with 
oxygen in three proportions, by which three distinct bodies 
are formed, possessing distinct chemical properties. 

This peculiarity of the unions of carbon with oxygen is 
wholly unattended to in practice: yet we shall see how 
essential it is in considering the quantity of air to be intro- 
duced to a furnace. 

These three proportions, in which carbon unites with 
oxygen, form, first, carbonic acid; second, carbonic oxicle ; 
and, third, carbonom acid (pt oxalic acid.) With the first 
and second only we have to_ deal in the furnace, and I will, 
therefore, confine my observations to them. 
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In the first, the carbon unites with two volumes of oxygen. 
forming carboniu acid; and, in the second, with one volume, 
forming carbonic oxide. The difference between these two 
formations is peculiarly important to our present subject. 

VVith respect to the first, and the quantity of air required 
for its formation, this may be said to have been already 
disposed of when treating of the carbonaceous constituent of 
the^as. It in true, that constituent of coal was in Agaseoue 
state, whereas what we have now to treat of is in a mlid 
state : as regards the quantity of air, however, thia creates 
no difference, as the latter must still undergo the process of 
vaporization in the act of combustion, for it is only in the 
state of vapour that it unites with oxygen and that we can 
estimate its equivalent of air.* 

Whatever weight of solid carbon, therefore, produces a 
given quantity of gaseous carbon, in carburetted hydrogen, 
(estimated by the quantity of osygen it requires to form 
carbonic acid,) must, necessarily, do the same in the case of 
the solid carbon on the bars, of which we are now speak- 
ing. Two volumes of oxygen (or five volumes of air) are, 
therefore, the saturating equivalent of each volume of 
carbon vapour, as already shown ; whether such carbon 
has been vapourized among the constituents of the gas, or 
directly from the solid carbon on the bars. 

Were carbonic acid the only product of the combustion of 
the carbon of the coals in the furnace, no niorfi would hero 
have to be said ; but there is the other state in which wo 
find carbon uniting and passing away with oxygen, and 
which gives rise to considerations of the utmost importance 
in this branch of the inquiry. This other state is that of 
carbonic oxide, the formation of which, in the furnace, is 



' ' Carbon hs£ novcr. in Its t 
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wholly unheeded in practice, although its influence on the 
quantity of heat obtained is very considerable. 

Carbonic add, we have seen, is a compound of one atom 
of carbon with two atoms of oxygen ; while carbonic oxids 
is composed of the same quantityof carbon with but Aa^ the 
above quantity' of oxygen, as in the annexed Bgure : 




Here we see, that carbonic oxide, though containing but 
one-half the quantity of oxygen, is yet of the same bulk or 
volume as carbonic add, a circumstance of considerable 
importance on the mere question of draught, as Vrill be 
hereafter shown. 

The quantity of oxygen thus required to form carbonic 
oxide, being but one-half what has been shown as its tatvr- 
roHv^ equivalent, as we aee in carbonic acid, the conse- 
quence is, that this carbonic oxide becomes a combustUile, 
rather than & product 0/ comhnstion, and which is the iaat. 

If, then, we require the full measure of heat from the 
combustion of carbonic oxide, we have no alternative bnt to 
fill up the measure of oxygen, by providing, and uniting 
with it, the other half, so that the product shall be carbonic 
add. If this be not effected, it ia clear the carbon is but 
half burned, for it haa united with but half the quantity of 
oxygen which is essential to full combustion. 
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"Now, this cotnbuatioii of the oxiile, by its conversion into 
tbe acid, is as distinct an operation as the cambuBtioii of 
the carburettcd by<irogen, or any other combuBtible, and 
denifULda all the preparatory conditions in the furnace 
tbat the latter does; namely, providing it with a duo 
supply of oxygen, in due mixture, temperature, &tc., yet 
all this is wholly overlooked in practice in the operations 
carried on in tbe furnace. 

But tbe moat important view of the question, and one 
which is little known to practitioners outside the laboratory, 
is as regards the formaUou of this carbonic oxide : why it 
exists in the furnace ? what brought it there ? and how is 
this combustible generated from an incorabuBtible ? And 
this is the part of the inquiry which most requires our 
attention. 

The first and direct effect of the combustion of earixin 
and oxygen is the formation of carbonic acid, by their 
union in taturatitt^ proportions ; namely, two atoms, or 
volumes, of oxygen with one of carbon vapour. If, however, 
by any means, we abstract one of its portions of oxyt/^i, 
tbe remaining proportions would then lie those of carbonic 
oxide. But this we cannot effect in the furnace. It is 
equally clear, however, that if we add a second portion 
of oarbon to carbonic acid, we shall arrive at tbe same result, 
namely, the having carbon and oxj'gen combined in equal 
proportions, as we see in carbonic oxide. Now, this is, in 
fact, -what takes place in the furnace, and this is the mode 
in which this cowiitstihle is formed. — ^thus : 



Fig, 12. 




GG 

Bj tne addition, then, of a Meottd proportion of cwdod Ib 
the above, ttn volumee of carbonic tun'rfs will be formed— 
thtiB : 



Fig. 13. 




Here . < the addition of ow atom of carbon has 

bad the effect of doubling the bulk of the resulting com- 
[Kiund by the formation of tico volumes of carbonic oxide, 
for, aa already observed, the bulk of carbonic oxide is the 
same as that of carbonic acid. 

Now, if these two volumes of carbonic oxide, once formed 
in the furnace, cannot find the portion of oxygen required 
to complete their aaturating equivalent, they paaa away 
nocoBsarily but half comwmed, a circumstance which ia con- 
stantly taking place in all furnaces where the air has to 
pass through a largo body of incandescent carbonaceous 
matter. 

This, also, frequently leads to a fatal error in what is 
called the " combustion of smoke" : for if, after the separation 
of tlie carbonaceous constituent of coal, and while yet at a 
high temperature, it encounters carbonic acid, this latter, 
taking up an additional portion of carbon, is converted into 
carbonic oxide, as shown in the last example, and again 
becomes a gaseous and invisible combustible. Thus, in- 
stead of being "burned", as ia the ordinary phrase, it has 
merely changed its form and appearance. 

The most prevailing operation of the furnace, however, 
and by which the largest quantity of carbon is lost in the 
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shape of carbonic oxuU. is thus : — The air, on entering from 
the ashpit, gives out its osjgen to the glowing carbon on the 
bars, and generates much heat in the formation ot carbomo 
acid. This add, necessarily at a vei^- high temperatore, 
passing upwards through the body of incandescent, solid 
matter, takes up an additional portion of the carbon, and 
becomes carbonic oxids. la this state it is equally a 
claimant on the admitted air, as well as the coal-gas, for 
its equivalent of oxygen ; and, in default of which, one or 
both pass away, as before mentioned, uncombined and 
unconsumed.* 

Thus, by the conversion of one volume of acid into two 
volumes of oxid«, heat is actually absorbed, while we also lose 
the portion of carbon taken up during such conversion, and 
are deceived by imagining we have " himed the snwie.'''' 

The formation of this compound, carbonic oxide, being 
thus attended by circumstances of a curious and involved 
nature, is, probably, the cause of the prevaiUng ignorance of 
its properties among unscientific men and their inattention 
to its effect*. For, while we find, in every mouth, the term 
carbonic acid, as the product of conabustion, we hear little of 
carbonic oxide, one of the most waste- inducing compounds 
of the furnace, unless provided with its equivalent volume 
of air, by which its combustion will be effected. 

Under any circumstances, then, by reason of the pro- 
portion of carbon to oxygen in the oxide not being the 
saturating one, we have not the full measure of heat from 
their union. It is, in fact, a defective union of carbon 



* ■' Cubonio oxide ma; be obtained b; traiuiTiiittiiig cotboniculd overnd-hot 
frigmenta of charcoal contained in an lioii or porcelain tube. It la eaallj kindled : 
combines witb hair its Totnme of oiygcn, forming carbonic noid, vhlch reti^na the 
original Totume of the carbonic oxide. The comlinstion is often witnessed inacnke 
or charcoal 9ra. The carbonic acid pmduced tu the lower part of the Are [s con- 
TCTtcd into carbonic oxide a> it paaiea np throOBli the red-hot embcra,"— GniAri«> 
BemtBd of CiiM^ry. 
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and oxygen, as regards combustibility, and our object should 
be to prevent its formation.* 

Whatever tends to bring carbon, while at a high tem- 
perature, into contact with carbonic ocuf, tends to the for- 
mation of carbonic oxide and the reconversion of an incom- 
bustible into a combustible gas, at the expense of the portion 
of carbon which we see is the element of its conversion, and 
which becomes a,protanto loss, unless subsequently supplied 
with an additional volume of oxygen whereby to effect its 
reconversion and combustion ; but which, under the irregu- 
lar conditions of a furnace, can scarcely be expected. 

Another important peculiarity of this gas (carbonic oxide) 
is, that, by reason of its already possessing one-hcUf itB equi- 
valent of oxygen, it inflames at a lower temperature than 
the ordinary oaaUgas ; the consequence of which is, that the 
latter^ on passing into the flues, is often cooled down below 
the temperature of accension; while the^orm^ is sufficiently 
heated, even after having reached the top of the chimney, 
and is there ignited on meeting the air. This is the cause 
of the red flame which we see at the tops of chimneys and 
the funnels of steam- vessels. 

We may thus set it down as a certainty, that, if the 
carbon, either of the gas or of the solid mass on the bars, 
passes away in union with oxygen, in any other form or pro- 
portion than that of carbonic acid^ a commensurate loss of 
heating effect is the result. 

* " Among the stoTe-dootors of the present day, none are more dangerous than 
those who, on pretence of economy and convenience, recommend to keep a large 
body of coke burning slowly, with a slow circulation of air. An acquaintance with 
chemical science would teach them, that, in the obscure combustion of coke or 
charcoal, much carbonic oxide is generated, and much fuel consumed, with the 
production of little heat; and physical science would teach them, that, when the 
chimney draught is languid, the burned air is apt to r^urgitate through every 
seam or crevice, with the imminent risk of causing asphyxia, or death to the 
inmates of apartments so preposterously heated.'*— Z>r. Ure's Paper on VenHlaiing 
and Heating Apartments, read before the Royal Society, 16tt June, 1836. 
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Hence, we see how the peculiar influence which carbonic 
oxide exercises, in its formation and combustion, justifies the 
observation of Ghevreul, in his ^^ Legons de Ghimie'", that 
'^ la eannaissance de ses praprUHs est indispensable pawr hien 
connoitre le carbon^* And here we are let into the secret of 
those deceptive results which have led so many patentees 
astray, who, under the idea of ^^ burning the smoke^, 
have exercised their ingenuity in the mere production of 
carbonic oxide ; and, because no black smoke was visible at 
the chimney shaft, deceived themselves and others under 
the impression that it had been consumed. Here, also, we 
see how essential is chemical investigation ; for how should 
we be enabled to form any other conclusion, on perceiving 
the absence of smoke, than that it was absolutely burned, 
and a proportionably increased quantity of heat generated ; 
instead of the fact, which chemistry alone could teach us, 
that not carbonic acid, but carbonic oxide was formed — ^heat 
absorbed — and a valuable portion of the carbon irretrievably 
lost! 



SECTION V. 



OF THE QUALITY OF THE AIR ADMITTED 

TO A FUKNACE. 



When we speak of mixing a given quantity of oxygen 
with a given quantity of coal gas, we do so because we 
know that such quantity of the former is required to satu- 
rate the latter ; and that, by such saturation, every atom of 
both gases enters into union, without excess or deficiency of 
either, producing entire, complete combustion. 

So when we speak of mixing a given volume of atmo- 
spheric air with a given volume of coal-gas, we do so for the 
same purpose, knowing that such precise quantity of air will 
provide the required quantity of oxygen. 

Thus, if we know that ttvo cubic feet of oxygen are the 
exact saturating equivalent, or combining volume, for effect- 
ing the entire combustion of one cubic foot of coal-gas, we 
know that ten cubic feet of atmospheric air will effect the 
same purpose, because ten cubic feet of air contain the 
required two cubic feet of oxygen. 
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it IB manifest, therefore, that, wtea we direct any ^ven 
portion of air to be employed, we do so on the preBumption, 
that it contains its due complement of oxygen, and that it 
is, in fact, pure, unadulterated atmospheric air. 

K, however, by any circumstance, accidental or otherwise, 
the air we employ has either lost any portion of its oxygen, 
or is mixed with any other gaa or matter, it no longer hears 
the character of pure atmospheric air, and is no longer 
capable of producing the same effect. It is, in fact, not the 
thing lee directed to he employed, and cannot satisfy the con- 
dition as to quantit]/ of oxypen, which was essential to our 
purpose. For it must be borne in mind, that, in all che- 
mical processes, (of which combustion is one,) an excess or 
deficiency of any of the bodies to be employed is not to be 
treated as a matter of indiflerence, but that, in a greater or 
lesser degree, will it mar the precise results expected. 

So in the case under consideration. 

We require ten cubic feet of air to supply tioo cubic feet 
of oxygen to effect the combustion of one cubic foot of coal 
gas ; but, if this quantity of air does not contain this 20 per 
cent., or l-5th of oxygen, it is manifest we cannot obtain 
it. The air, in this case, may be said to be vitiated or 
deteriorated ; and in this sense the quality of the air we 
employ is entitled to serious consideration. 

The question, then, of complete, entire combustion is one 
mainly dependant on the quantity of oxygen to be obtained 
from any given volume of air. Hence, the necessary inquiry 
into the purity or qtiaUty of the air we employ, and 
whether it contains its due l-5th of oxygen. For, if the 
oxygen be not in the air, how can it otherwise be obtained i 
How can we effect a union with a thing which is not t 



Let us now inquire how far the ordinary mode of con- 
structing and managing our furnaces enables us to satisfy 
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this condition, namely, the providing pure, wndeUrioraied^ 
unvitiated air both to the solid, carbotMceatis portion of the 
coal on the bars, and the gaseous portion in the body of the 
furnace. 

In ordinary practice, the supply of air to the fomace is by 
means of the ashpit ; and, with the view of giving enough^ 
the ashpit entrance is directed to be made large, it being 
usually the full breadth of the furnace, and of a depth from 
S to 5 feet. This enlarged size is given under the mistaken 
notion, that the more air we give, the better will be the 
draught — the more complete the combustion — ^and the 
greater the quantity of heat produced.* 

In this case we see the introductioQ of air is considered 
tantamount to the introduction of oxygen; and it might, 
with safety, be so considered, if there were but am descrip- 
tion of combustible to be used. But here lies the main 
point. We have two distinct kinds, and in two distinct 
states and places ; each requiring a distinct management, 
and a specific quantity of air, to ethct its separate process of 
combustion. These two processes are, as already described, 
first, the combustion of the g(M generated in the body of the 
furnace, and passing off by the flues ; and, second, the com- 
bustion of the solid carbon resting on the bars. 

Tredgold, and most others after him, ov^locddng these 
distinctive features in the processes which coal undergoes in 
its progress towards combustion, gives preposterous directions 
as to the introduction of air. He says, ^' The opening to admit 
air (the ashpit) should be sufficiently large for producing the 
greatest quantity of steam that can be required, but not 

* " A quantity of air," says Tredgold, " sufficient to supply oxygen for combus- 
tion , must have as free access as possible to aU parts of the turning mass** ; and then he 
comos to the conclusion, *' But abundanceof air will pass the grate if it be properly 
constructed, and the modification I would recommend is described in plate secc^d." 
On examining this plate I find it has no proYision whatever for the Introduction of 
air beyond the ordinary plan of a large open a^pU. Nothing can be further from a 
sound, judicious plan of introducing air than those ** practical rules'* of Tredgold. 
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Hero we find the " quantity of gtmnC 
considered as dependant on the area of "the opening to 
admit air" to the ashpit, than which notliing can be more 
incorrect. In showing the importance of a " free acceas of 
air to every pai't of t/te fvsV, he observea, tliat " the area of 
the spacca betiveea ike hars ehould clearly be greater than the 
area of the place t\ia,tadrnits air to thef.re''', still overlooking 
the distinction between the combustion of the gas at the 
bridge and the carbon on the bars, with the peculiar and 
distinct conditions under which these two separate processes 
are to be carried on. 

Here we have this high authority, whose books are in 
every one's hands, and received as standards, initiating on a 
large ashpit, free access of the air to the fuel on the bars, 
(without any allusion to the gaseous products,) and an 
ample allowance of space between the bars for the admission 
of air, and on the assumed principle, that such space is to 
regulate the gmtntity of steam obtained. All of this is 
utterly at variance with chemical propriety, and the reverse 
of what judicious management would require. 

That Tredgold did not consider this point as one of trivial 
importauce is manifest from the introductory paragraph to 
his chapter on " fire-places",* and I do not quote him for 
the purpose of any contrast between a correct view of the 
" operation of burning'" and that which he exhibits, but to 
show, that, if such a man could go palpably overlook the 
chemical essentials in the combustion of the two separate 



• " In thB conalrnetioa of fire-plaoea Tor boilers," he observes, " wa have tn 
combine erery thing whioh Is likely to add to the efi^ct of fuel, and to aioid erecy 
thing which l«ndB to dimmish it. as fir m possible. Now, without some linowledge 
uf Iho nature of tho operation of burning, It will scarcelji be iwaBihle to do nay 

la without a compsEs, with as little cli^nce ol eteeiing to the iatended 

preferable to 
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constituents of coal, it cannot bo a matter of surprise that 
mechanics, who have been taught to follow in his steps and 
adopt his laws, should have made so little advance in per- 
fecting our system of furnaces. 

I have alluded to TredgoWs directions with the view of 
pointing attention to that which has hitherto been so 
neglected, namely, the two distinct operations of supplying 
air to the gas generated in the upper part of the furnace, 
and to the solid carbon resting on the bars ; and, also, to the 
injury caused by compelling the whole supply to pass 
through the ashpit, and through such solid carbon; by which 
not only a d^ciency of oxygen is occasioned in the air 
intended for burning the gas, but an undue and injurious 
urging of the combustion of the carbonaceous matter, and 
the consequent melting of the bars and destruction of the 
fumace-plate& of marine boilers.* 

Indeed, all that seems to be concluded in practice is, 
that oxygen is essential to combustion; — ^that providing 
a sufficiency oiair is providing a sufficiency of oxygen ; — ^and 
that, if air be admitted to ''Hhe fud'''' ^ it will do its duty and 
work out the process of combustion satisfactorily, in its own 
way. Hence the great neglect of the chemical conditions of 
combustion, and the many errOTS and absurdities of the 
present practice. 

For can there be a more absurd practice than is involved 
in this single position, namely, that while a given quantity 
of pwre air is required for the combustion of the coal-gas 
generated in the furnace, we compel that air, in the first 

« " To succeed in condumin^ the combustible gases,'' observe Tredgold, "it is 
necessary that they mix with air that has become hot, by passing fhimigh, over, or 
anumff the fuel which has ceased to sinoke : the words of the patent of Mr. Watt, 
dated 1786." 

Here there can be no mistake, yet nothing can be more unscientific or unsound 
in principle. The inevitable result of this operation would be, first, the depriving 
the air, more or less, of its oxygen ; and, second, by urging this increased quantity 
of air to act like a blast on such red-hot fuel, to consume it with unnecessary and 
injurious rapidity. 
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instance, to paas through the bare and l)ody of solid incan- 
descent combustible matter resting upon tbem, by which it is 
noeesaarily deteriorated in qualify from the losa of much, if 
not the whole, of that oxygen for which alone the air is 
employed, and atill expect perfect, full combustion of tho 
gaseous matter, contrary to all chemical experience, from 
Hueh vitiated air,* 

In illuBtration of this, let us suppose, that 100 represents 
tho quantity of air required per minute for the perfect com- 
^ bustion of tho gaseous products at the bridge ; and that 200 
represents the quantity required for tho use of tho carbon on 
tho bars. Lot lu farther dupposo, that, instead of sending 
each of those quantities sepamtdff to perform its rospectiva 
duty, by gi^'ing up its constituout oxygen to its proper 
combustible, (and for which express duty it was employed,) 
we sent the entire of both quantities, say 300, through such 
burning niass of solid carbon ; can we doubt that tho re- 
sult would be, first, the impelling this latter to an increased 
and unduo action ; and, secondly, the vitiating the air in- 
tended for the gaseous combustibles, by depriving it of its 
due proportion of oxygen. 

For what is this increased action of the carbon on tho 
bars but increased combustion ? and what is this but an 
increased absorption of oxygen, the very oxygen which had 

• Ht. Parkes has clesrlf puinted oat the injnr; canaed by aJtowing the air to be 
thus "litialeiL" Ho obsorTCS. " I froquenti; fuuna tho smutic iDcmuod by tho 
adnleelnn or the air, and observed the presanrc at steam to bll in consequenue. I 
wan perpleied, bot the Btudy of Davy, at length, furnished me with tho clue for 
eitricathig mjaelt from tho labyrinth. I poROived tbat the eundltlans npon nhlch 
enoceS9 depended were not fulfllled, and tbat bJlnre noa onavoidablo : that the air 
moat be given directli; to the sninjtaraed gas ; irhereas it had bcconif vitiated by paasiit]/ 
WW Hu jKjfomai./W."— rraBMaJiiBu of CinU Eagiieert, vol. U., p. 63. 

This la the m^n eauae of the air belDg vltlateil ; yet, as 1 ihaU abDndootly ahon 
hereafter, many patents eontlone to betaken ont eipreaaly fotoffeoting this very 
porpoao, which Mr. Parkes practically demonstrated waa leading to " anavoldable 
taUure.'' Indeed, I have found, In Mr. Packea' tracta. pnbliahcd nearly twenty 
yeara ago, the Srat Indlcatlona of the true prlnciplca on wlilch elfectlve combustion 
eaa bo effected is afarnme. 
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been intended for a ditferent purpose! ThiB cannot bd 
(lonie<l, neither will it, that the direct re§ult is to deterionte 
the qualify of the 100 measures of air thus sent by an im- 
proper route to the gaseous constituent of the coal. 

Let 118 Biipposo another case, one of laboratory practice : 
that of ascertaining the largest quantity of carbonic acid 
and water that coulil be produced from any given quantity 
of coal-gas and air, for this is, in fact, what we desire tn 
effect in the furnace. 

After adjusting our apparatus, and measuring the propor- 
tions of gas to be operated on, and air to be mixed with it, 
suppose we shoidd discover that the latter, instead of being 
pure atmosphorio air, liad been tho product of some previons 
experiment or operation, in which it had been mixed with 
ignited carbon. What would the veriest tyro of the labora- 
tory say t Would he not reject the whole as unsatisfac- 
tory, and begin again, requiring the air to be brought from 
an unvitiated source S 

Yet, this is our daily practice. We bring air to the 
gases which has already been employed in a separate and 
even destructive process, and yet expect the result to be 
satisfactory and tho comhustion complete. And when we 
find, instead of producing carbonic acid and water, that we 
have produced a large volume of emole — of unconsumed com- 
bustible matter — we then set about inventing a process by 
which tkie smoke is to he conmmed, and the evil we had 
ourselves produced corrected ! 

From what has been said, we perceive that the question 
of quality depends on keeping the supply of air intended for 
the use of the gas distinct from that which is intended for 
tho use of the carbon on the bars, and allowing each to do 
its duty without the riak of interference from the other, 
either as to quantity or the abstraction of its oxygen. 




SECTION VI. 



OF THE INCORPORATION OF AIR AND 
COAL-GAS, AND THE TIME REQUIRED FOR 
EFFECTING THE SAME. 



Hating disposed of the questions regarding the quantity 
and quality of the air to be admitted to given quantities of 
coal-gas, our next consideration is, the effecting such a mix - 
ture of those relative quantities (preparatory to their chemi- 
cal union) as ia required by thoir respective natures for ef- 
fective combustion. 

We have seen, that the quardiiy of air admitted to a fur- 
nace, whether plus or minui what is rigidly due to chemical 
iMJiOTi, exercieea a proportional influence on the qwintity of the 
combustille which may be rendered available : we have now 
to consider that which will be found to exercise a still greater 
influence, namely, th^ degree of incorporation which can 
be effected between the bodies to be mixed and the time re- 
quired for effecting it. 

Now, this joint question, as to time and degree, is even 
more important than the previous one of quantity, inasmuch 
as the latter involves merely the amount of capability afford- 
ed to the combustible ; whereas, the former involves the 
more comprehensive one, — whether such quantity, or, indeed. 
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any quantity, can be made available or not : for where will 
be the use of allowing air to enter the furnace if it be not 
employed ? 

The positions which I propose illustrating in this section 
are, first, that the character and efficiency of the combustion 
will depend chiefly on the degree of incorporation we are 
enabled to produce between the gas and the air : secondly, 
that this question of degree depends on that of time^ — prtM- 
ticahle^ available time ; and, thirdly, that want oftime^ for this 
special purpose, is the great evil of the furnace. 

In considering this most important branch of the subject, 
books furnish me with no direct information. This may be 
traced to the circumstance, that, in the laboratory, from 
which all our experimental illustrations come, the want of 
time, in the view here referred to, has not been felt as an in- 
jury or even inconvenience : and when we consider the com- 
paratively small scale of laboratory operations, it will not ap- 
pear remarkable, that the question of time has not had a 
more special notice. We do indeed find, in instructions to 
beginners, sufficiently strong and pertinent (»utions to have 
the bodies intended for chemical union ^^ tceU incorporated'^ 
and ^^ thoroughly mixed'''' ; and such like hints towards mani- 
pulatory perfection ; but what this thorough incorporation 
means, or what it is precisely to effect, has not been suffi- 
eiently explained. 

As hints of this kind do not appear to have been attended 
to by practitioners <m a large scale, though considered essen- 
tial by eaperimerUors on the small one, it is advisable to show 
how that which has not demanded a more special notice in 
laboratory operations is, nevertheless, a most important cir- 
cumstance in those of the furnace ; and that the impossibi- 
lity of effecting that perfect combustion on the large scale, 
which every chemist is able to effect on the small scale, is 
mainly attributable to this hitherto neglected feature, — ^the 
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teon^ of tltat time wliieh nature requires in what may bo 
correctly termed her own manipulations, and in working out 
ber own purpoaos. 

I am aware, that this is taking a new view of the caww of 
imperfect combustion ; but I am urging no new principle, 
[ am but following nature through her several stages and 
proceasea, and e.^amining each with a view towards render- 
ing the arrangements of our furnaces ancillary to such 
processes. 



It seems taken for granted, in practice on the targe scale, 
that, if air, bj any means, be introduced to " the fuel in the 
furnace", it will, as a matter of course, mix with the gas, or 
other combustible, in a proper manner, and assume the 
atato suitable for combustion, whatever be the nature or 
state of such fuel, and mthout any regard to time or other 
circumstances. In fact, that we need give ourselves no 
trouble about what is nature's peculiar province : and, 
therefore, no one inquires whether time, or preparation, or 
any thing be required on onr part beyond the mere bringing 
the air and fuel together ; or, rather, leaving the air to find 
its own way, or not, as circumstanees may permit. Yet, as 
well might it be said, that bringiag together given quan- 
tities of nitre, sulphur, and charcoal, in masses, was sufficient 
for the constitution of gunpowder. No : it is the proper 
distribution, mixture, and incorpora-tion of tlio respective ele- 
mentary atoms of those masses which impart efficiency and 
simultaneousness of action, and, necessarily, their explosive 
character:* and so, also, in the bringing mixed bodies of 

' Doctor Ure, In hia Ctemieai Victioiiarii. puta this clBorly and forcibly. Oun- 
pgwder la composed of glren weEfihta of nitro. clmrcoal. and aulphar, " Intlmatrl)/ 
Uemlat together by lonf poupding in woodeu mortara." Aiaia. " The Tojintlona 
ot strength. Indiffiirent aamplea. ore jtenemlly DOoaaioaed by the moie orlesti lill- 
male ttivittoK rind niirtim of the parte. TbereHOn of thia maybe eaall]' deduced 
^om tbe conaidentioD, that aitra doee not ileto-nate antil lu contact with Snflun- 
mable matter: whoneathe whole detonMlun will tie more speedy the more naiatr- 
imOKtaefiicei o/amtiu-l." 
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mt kinds of gaaee into a state of preparation ti 
and simultuiieotiB combustion. 

In operating in the laboratory, vvlieu we mix a measured 
j-M of an inflaninialtle pas with a due complement of oxygen 
gas, the oj)eration being performed leisurely, sufiicient 
opijortunity for their due incorporation necessarily foUowa, 
and no question as to the vrant of time arises. On the mix- 
ture being et!ected, it is fired, and the combuBtion which 
follows is so comploto that every atom of the one gas will be 
found to have entered into union with its equivalent atom 
of the other. 

In this operation the quantities are small : both bodies are 
gaseous: there is no counteracting or disturbing influence 
from the presence of other matter : the relative quantities 
of both gases are in saturating proportions: and, above all, 
the bodies to be mixed are so unaffected by current or 
draught that the laws which regulate the diffueion of gases 
have free scope to act. 

But compare this correct, careful, and deliberate labora- 
tory operation with what takes place in the furnace. First, 
the quantities in this tatter case are large: seuondlj, the 
bodies to be consumed are partly gaseous, partly solid : 
thirdly, the ga^es evolved from the coal are never homo- 
geneous, being part combustible and part incombustible : 
fourthly, those gases, as they pass over the mass of glowing 
matter on the bars, are forced into connexion with a large 
and often overwhelming quantity of the products of com- 
bustion from such glowing matter, chiefly carbonic acid : 
fifthly, the very air introduced is itself deteriorated in passing 
through the bars and incandescent fuel on them, and thus 
deprived of much of its oxygen : sixthly, and above all, the 
gases to be mixed, instead of being allowed to remain a 
suitable time in presence of the due proportion of air, (as in 
the laboratory process,) by which their diffusion would have 
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been favoored, are liiirried away by the current or draught 
in large mosses, many cubic feet bein^ generated in every 
iastant of time. 

AH tlieee circuiustances seriously impede the process of 
mixing : and it may be asked, bow such maeseii, under sudi 
counteracting influences, could possibly bcoouie incorporated : 
or bow their several atoms or divisions, ilariiuj their fiighl 
into the cooling region of the fluea, could be enabled to select, 
and seize on, each its respective portions of the supporter, 
and duly arrange themselves for cliemioal union ; and all, as 
it were, on the instant ; in opposition to tho counteracting 
force of the current carrying them into tho flues and out of 
tbe inflncncc of the required temperature of ignition, with- 
out which any Bubiequettt incorporation would be useless.' 

Some portions of air, it is true, do come into contact with . 
the gas, and are ignited, but we have yet to learn how much 
larger is the quantity which is carried away unincorporated 

■■rith air ; and even how much the calorific effect of what 

Hl consumed has been deteriorated. 

" As this division of the subject must be new to unscientific 
readers, it will rwguire more detail and illustration. 

We have seen, that the compUt^ combustion of a body de- 
paids on the chemical union of its atoms, or elementary 
divisions, with their respective equivalents of the supporter. 
oxygen ;-f and wliich necessarily implies, first, the firim/int? 

* Aaaa Inatanca of the effbct ot current in obstructing miKtnre. thajunotlon of 
Ibe riven Khone anil ArTo presenC a itrJkiog iUoHtraition on b lArge flc&lo Few 
tiBTeUerB to Genera haie umltted rlalting the spot. Tliu river Klione, Arter 
piuaiag through Oeueni. reeoire* the waters uC tho rlTer irve : tho former befng 
remarkabljtnuuparent, with adecidedly bine oolanrpWhercnSt thoKD of the Arreikro 
opaque, preacntiog tile appoBFUicc of a miitnreaf chaJk and water ; and. notwith- 
standing that this latter Inteniectg the Khone at right angleii, thej' ran aide b; aide 
for a eonsiderable distance, prenenting the onriooa effect of a mndily white atrsam 
on the left bank, and a clear blue etream on th-e right. 

I Wenrenot tmBiipoBelhatoIieeuiBtliennliBiipportLTofcoulbuation. There 
are «Teni.l others. as olilorlno. for iustance. On this licad. however, the reader will 
Dnd sniBuient information In fln.itrf.-' Ma'm:d. or anj other work ut authorltr. 
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together ; and, secondly, the mixing and duly arranging such 
atoms, previously to the mixture being fired for combustion. 

Two questions here naturally arise. In what manner, or 
by what power or influence, is this intimate incorporation 
to be effected ? and what interval of time is required for 
its completion l 

The first question is the most diflicult and complicated. 
It involves the whole theory of the diffusion of gases, and I 
may, therefore, well be justified in not entering upon it ; and 
the more so as, for practical purposes, it is not essential. All 
we are called on to admit is, that, if combustion means the 
chemical union of the combustible and the supporter, that 
union must involve contiguity and arrangement of the con- 
stituents to be united, according to some fixed elementary 
laws ; but in what form or order of collocation, or by what 
impulse or affection of matter, this arrangement of atoms 
and incorporation is effected need not now be inquired into. 

The second question, however, namely, what interval of 
time is required for completing this arrangement between 
the elementary atoms of the bodies to be mixed, is of the 
very essence of the inquiry, with a view to practice, and 
must be logically and chemically examined. 

We begin by taking for granted, that the atoms of the 
gaseous bodies about to be mixed are endowed with extreme 
mobility inter se ; that is, the power of moving with the 
utmost facility and in all directions, amongst themselves; and 
that, by means of such power, and that peculiar agency which 
regulates their movements, the atoms of one class of con- 
stituents will be drawn towards those of the others with 
which they are respectively to form unions, either into actual 
contact, or within some given sphere of mutual influence, 
preparatory to their chemical action on each other. 

To urge the necessity for this previous condition of contact 
or proximity would scarcely appear called for ; but, as this 
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branch of the inquiry is of the utmost importance, in a prac- 
tical point of view, and that we may take nothing for granted, 
a short illustration may be useful.* 

Let us take the familiar instance of the combustion of a 
number of grains of gunpowder. We place them together, 
in contact^ and, on approaching a body of the due tempera- 
ture for their ignition, combustion ensues ; and the intervals 
of time occupied by the transmission of heat, from grain 
to grain, being inappreciable by our senses, the combustion 
has the appearance of being simultaneous. 

But let us alter the arrangement or collocation of the 
several grains. Let them be placed consecutively in the 
nature of a train^ so as to leave certain distances between 
them. Under this arrangement, combustion will no longer 
be simultcmeom^ and an appreciable interval will occur 
between the combustion of the several grains. Let us fur- 
ther suppose, that, at some part of the series, the distance 
between some of the grains should be greater than mutual 
action or influence demanded. In that case, we cannot doubt 
that the interruption created by such distance would stop 
the continuousriess of the combustion, and that the grains 
thus separated would escape combustion. 

This illustration, it is to be observed, is without reference 
to chemical action between the atoms or grains. 

Let us now apply it to the case before us. Let us suppose 
an atom of hydrogen gas and an atom of oxygen gas brought 
together, as in the annexed figure, or with that kind of 
contact which is denominated mechanical^ in opposition to 

* Doctor Reid, in speaking of "chemical action", lays down the following 
among the general rules by which it is governed : 

"2252. — All chemical action consists in the more intimate union of particles of 
matter prefmotidy brought into the nearest possible contact by mixture ; or in the 
separation of those that may have previously been attached to each other. 

" 2253.— No chemical action can ensue where the materials are not brought into 
the nearest possible contact." 
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^chemical, and such as a drop of water and a drop of oil would 
exhibit when brought together : that is, by mere adhesion, 
without producing any change of individual character. 

On heat being applied, chemical action will be induced, 
and chemical union instantaneously effected between them. 
By this union, a new body, iDater, (or rather, steam first, and 
then, water, by condensation,) will be formed, possessing 
the properties of neither hydrogen nor oxygen. Their pre- 
vious states of electricity will be found to be changed : their 
previous joint bulk, or volume, reduced one-third : consider- 
able heat will be evolved during the process of uniting ; and 
this, strictly speaking, is combustion.* Here we know, that, 
previous to their forming an union, the two atoms were in 
contact, *^the closest possible contact**^ ; meaning, within the 
spheres of their respective affinities and action — chemical or 
electrical, or whatever it may be which operates with such 
powerful and instantaneous force, and equal, in point of in- 
tensity and rapidity, to what we know of electricity. 

But can we have a doubt, if they had not been so in con- 
tact, or within such range of action, that no union would have 
been effected ? that no change of character would have been 

* When tu}0 volumes of pure hydrogen gas are mixed with one yolame of pure 
oxygen gas, and the mixture inflamed in a proper apparatus by the electric 
spark, the gases totally disappear, and the interior of the veesel is covered with 
drops of pure water, equal in weight to the gases consumed. Again, 

If pure water be exposed to the action of voltaic electricity, it is resolved into 
tico volumes ot hydrogen, disengaged at the negative pole, and one volume of oxygen, 
disengaged at the positive pole : so that water is thus proved, by synthesis and by 
analpsis, to consist of two volumes of hydrogen combined with one volume of 
oxygen. The specific gravity of hydrogen, compared with oxygen, is 1 to 16: 
these numbers, therefore, represent the comparative weights of equal volumes of 
those gases ; but, as water consists of one volume of hydrogen and half a volume of 
oorpgen, it is obvious, that the relative tceight of those elements will be as 1 to 8, or 
as follows : 

Hydrogen 1 atom 1 by weight per cent. 11*1 by vol. 1*0 

Oxygen 1 do 8 do do. 88*9 do. 0*6 

Water 1 9 100*0 1-0 

—Brande*s Manual qf Chemistiy, p. 351. 
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induced in either ? that no heat would have been evolved ! 
and no chemical action would have taken place I This we 
can no more doubt than that, in the ordinary experiment of 
bringing the knuckle to the ball of an electric machine to 
receive the charge, no electricity will pass unless the knuckle 
be brought into contact^ or within the sphere of electric influence. 

These facts must be borne in mind, this preniam contact 
or contiguity of the respective and combining atoms of gase- 
ous bodies being the key to the whole of the mysterious 
process of combustion. 

But the question of time is now before us ; and, to apply 
the illustration, we must extend it, from the case of sinple 
ffdseom atoms, to that of masses or bodies 0/ pases, each con- 
taining numberless atoms ; for it is only in the mixing and 
incorporating of large bulks that time can be an object. 

Let us, then, suppose diagram 3 to represent a body of 
hydrogen gas and a body of oxygen gas, brought together 
for the purpose of chemical union and combustion, in the 
proportions strictly required for forming steam or water ; 
that is, the one being eqtuil to the other as to the number of 
atoms, but dmihle as to hulk or volume, as in the example 
already given ; and this double relation of the two masses 
must necessarily be the same if that of their atoms be so, and 
mce versa. 

Let figure 16 represent a section of this body of hydrogen, 
and figure 17 of the body of oxygen. Our object being to 
effect chemical union between these two bodies, what is to 
be done? To this question practice says, bring them 
together ; apply the necessary degree of heat, and combus- 
tion will follow : but chemistry says more. Chemistry tells 
us, this would be only bringing the masses together : that 
it is not the masses, but their elementary atoms or com- 
ponent parts that are to combine ; and, therefore, that it is 
these latter which are to be brought, respectively, into 
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contact, so that each pair of atoms may be in a condition 
favourable for mutual action and union. Figure 18 repre- 
sents such a state of incorporation and proximity of the 
combining pairs of atoms, and figure 19 the product of their 
combustion, namely, a volume of steam, of the bulk of the 
hydrogen employed, and of the exact weight of the two 
combining masses — not a single atom of either remaining un- 
saturated or uncombined. This^ then^ is perfect combustion. 

If this incorporation be properly effected, that which took 
place with the one pair of atoms (see figure 14) will mstan- 
taneously take place over the whole; and this conveys a 
correct idea of the kind and degree of incorporation which 
chemistry demands. 

I here again ask, can we have a doubt, that, if the 
atoms of each double set had not been thus respectively in 
contact, or within the range of mutual action, as illustrated 
by figure 18, simultaneous or entire combustion would not 
have taken place ;* and that such atoms as might have been 
beyond such sphere of chemical action would have remained 
uncombined and unconsumed, as in the case of those grains 
of gunpowder which were separated, and beyond the 
required distance for the transmission of flame. 

* In the seyoral figures or groupings I shall use, describing the intermediate 
states of incorporation before combustion, I need hardly say, that I do not afibct to 
give the actual form or mode in which the seyeral atoms range themselves. That 
we can never know ; and, indeed, it is evident that those of each group of atoms 
may be otherwise placed, and yet produce the same contiguity. All I urge is, that 
the atoms of each respective group which are to unite must, before firing, be either 
in actual contact, or within some given sphere of mutual infiuence, previously to 
their acting on each other ; and, as already observed, when we would receive the 
charge by bringing the knuckles to the ball of an electric machine. 

Mr. Kellaud observes, with respect to the mixture of particles of difibrent kinds, 
" The same difi^erence in their attractions and repulsions will produce the same 
effect of arranging each set symmetricaUy, so that the medium will still be one of 
unequal symmetry. Now, whatever be the number of particles united, such is the 
nature of the forces, that the system cannot remain in equilibrium ; or, at least, in 
stable equilibrium, except the different sets ofpartides have arrangements analogous 
to each other, and so distributed that there is a regular recurrence of the same 
form." 
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It will be observed, that the question of twie^ the im- 
portance of which I am now urging, has no reference to the 
interval employed in the act of combiistion — that being 
instantaneous and simultaneous ; but refers exclusively to 
that required for the preparatory mixing and incorporating ; 
beginning at the moment when the masses are brought 
together, until complete diffusion has been effected, and the 
arrangement of their elementary atoms has become uniform 
and complete throughout, and ready for firing. 

But how is this kind or degree of mixing to be brought 
about between bodies of such different specific gravities, see- 
ing that a light liquid will float on the surface of a heavier 
one, and will not mingle unless agitated ? 

Fortunately, the laws which govern the motion of gaseous 
bodies are different from those of liquids ; since the laws of 
gravity, which influence the latter, appear to be overborne 
by some other law or force, in the case of the former. 

Nature, then, by her own laws, in her own way, and in 
her ovon due time^ will, if not impeded, produce that precise 
state of perfect incorporation which we see is essential to 
combustion, but which could not have been brought about 
by any degree of mechanical agitation. How this is effected 
— under what law, or by what influence, are questions 
which involve the consideration of that intricate branch 
of chemical inquiry, designated by the term the " diffusion 
of gasesr 

This subject, as already observed, was first alluded to, and 
these facts, (now admitted by all chemists,) first explained 
by that able philosopher, Dalton ; and to this day the sub- 
ject continues to engage the attention of the ablest men of 
the age. 

On this inquiry, I have said, I am not going to enter, nei- 
ther shall I venture to add any hypothesis of my own. I 
will here only refer to the admitted facts — First, that, if two 
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bodies of dissimilar gases be brought together, they will, if 
due time be allowed^ effect a uniform and general incorporation 
among their respective elementary atoms.* Secondly, thafc 
the rapidity and intensity of their chemical action and the 
quantity of available heat evolved will depend on the degree 
and completeness of the previous incorporation ; and, thirdly, 
that, by such chemical action, no greater quantity of either 
body will enter into union or combustion than what i$ 
rigidly dm to the saturating equivalent of each. 

Let us now go a step further, and show an arrangement 
of the atoms of a combustible with its supporter, where they 
are disproportioned in number. Let us take carbon vapour, 
(the other combustible in coal-gas,) and its equivalent of 
oxygen (see diagram 4) ; namely, two atoms of oxygen to one 
of carbon vapour. Fig. 20 represents the body of C2U*bon ; 
fig. 21 that of the oxygen — double the bulk of the former ; 
fig. 22 shows the arrangement or mixture previously to 
firing for combustion ; and fig. 23 the resulting product 
after combustion, namely, carbonic acid. 

Here, as in the preceding case, on being fired not a single 
atom of either body remains unattached. This^ also^ is per- 
fect c(ymhustion^ the mixture or diffusion of the respective 
atoms among themselves having been so complete that those 
of each set were within the range of mutual action before 
being fired. 

The next illustration (diagram 5) is still more iniportant. 
We have hitherto taken oxygefn, alone to effect combustion 
with the combustible; but, as we cannot obtain that 
ingredient by itself, we must take it as we find it in 
atmospheric air. Fig. 24 represents a body of hydrogen 
equal to that in the first illustration (diagram 3) ; fig. 25, 

♦ Mr. Kelland obseryes, problem 87, " The nature of gaseous bodies is such 
that, if uniformity is to be expected at all, we should naturally be induced to se^ 
it in them ; and, what is more satisfactory, all gaseous bodies act similarly under 
similar circumstances, whether simple or compound." 
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tlie body of air eufiicioiit to supply itu saturating tMjuivaleDt 
of ogygeii ; fig. 26, tho preparatory mixture ready for firing; 
fig. 27, tLo roHulting products of conibiiation^steam ; fig. 28 
being the body of nitrogen disengaged from the air after tLo 
oxygen had beou abstracted by the hydrogen. 

It is here to be observed, that the only difierence between 
this and tho preceding example is, that tAei-e wo used pure 
oxygen, and here we use air. This, however, brings us 
acquainted with the causo of the increased quantity and 
intensity of heat produced by the combustion of hydrogen 
gas in oxygen, above what is produced by tho combustion in 
air ,- although the quantities of both the combustible and the 
supporter have been the same in both cases. This diffor- 
enco arises solely from the inteqioeition of so large a portion 
of uselesH beat -absorbing nitrogen.* 

The next illustration (diagram 6) is that of the mixture 
and combustion of carbon vapour in air, and here also wo 
find a corresponding difference, in oflect, between t!ie em- 
ployment of oxygen and air. Fig. 2!) represents a body of 
Ciirbon vapour ; fig. 30, a body of air, supplying tho requisite 
quantity of oxygen ; fig. 31, the pre[>aratory mixture before 
combustion; fig. 32, tho resulting body of carbonic acid; 
and fig. 33, the nitrogen of the air passing oflT uncombined. 
We see that this example, and that given in diagram 4, are 
the same in every respect wUh t/ie exception, of the nitrogen. 

Having shown tJie separate combustion of hydrogen and 
carbon in oxygen and in air, our next step is to show the 

* " La giiz oj-6iE«u ptoiluit, par In cumbustiOQ, una ohalBur benoeoup plua tiyb 



DaiiBlJiia alaoohaerveB, " Cello n' 
pur; loaie plua lea molfeoulea de ca 
mtiaiAioa, on put it nuiiHflB anec uhi/oz cinH^r, plua a 
Vflluppe pemlaut In combnstioa eat folblo. C'eat pour ccttJ 
brule clans I'alr j rupuid maian da ohulear, parse que la 



plna forte que dana le gaz oi 
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combustion of both combustibles, from their combined state as 
in coal-gas ; and this brings us to what wo have to deal with 
in \hQ furnace. 

Let us, however, follow the same course, first showing its 
combustion in oxygen^ and afterwards in air (diagram 7.) 
Fig. 34 presents us with a body of coal-gas (carburetted 
hydrogen) ; fig. 35, its equivalent of oxygen ; fig. 36, their 
mixture preparatory to being fired ; and figs. 37 and 38, the 
products of their combustion, namely, one volume of carbonic 
acid, and two volumes of steam. 

This latter illustration gives us precisely the mixture ef- 
fected by Mr. Gurney'*s admirable and scientific arrangement 
in what is called the " Bude liglit^, and with which it is pro- 
posed to illuminate the Houses of Parliament, and our coast 
lighthouses. In this the superior intensity of the light b 
caused by the absence of nitrogen, and the consequent facility 
afforded to the atoms of the combustible gas and the oxygen 
for becoming more intimately incorporated before combustion. 

The last illustration of the series brings us to the state of 
things we have to encounter in the furnace, namely, the mix- 
ture and combustion of a body of coal-gas with its equivalent 
of oxygen as met toith in atmospheric air (diagram 8.) 

Fig. 39 represents a body of coal-gas (the same as in the 
preceding example) ; fig 40, the required quantity of air, 
say ten times the bulk of the gas, to give the required quan- 
tity of oxygen; fig. 41, their mixture previous to combustion ; 
figs. 42 and 43, the products of combustion from the three 
constituents of the gas ; and fig. 44, the disengaged and un- 
combined nitrogen. 

And here we cannot but be impressed with the importance 
of time for effecting the previous mixture and incorporation 
of tho air and the gas, so as to give the necessary contact, or 
juxtaposition of the respective atoms of each group, on 
account of tho enormous disproportion between the bulk of 
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the ojs^gen employed in the previous example, and that of the 
atiaofpheric air employed in tlio present ; the latter being fivo 
timra greater than the fonner, aJthough the (luantitiea of 
oxygen are the same in both. 

For the pm^so of having these BCveral illuatratione under 
the eye at onee, in their progressive onier, and for the sake 
of reference, I here enmncrate them, with the relative volnmea 
of the combustible and the supporter employed in each. 

llAatiK 

one-half ■) 

double 

8^ times I the volome of 

5 timt-s r the former. 

double I 

10 times J 



Iitgrtdifnu 

3. njdrogcn and oxygen, 
' Carboa and oxjeen, 
-. Hydrogen mid air, 
fi. Carlxin and air, 
1. Coal-gas and oxygon, 
8. Coal-gas andiur. 



Looking at the curious, symnietrically arranged groups 
which these diagrams present, particularly the last, in which 
carbon and hydrogen, oxygen and nitrogen are to be ho mixed 
that no atom of either combustible shall be so distant from its 
equivalent of the supporter as to escape chemical union on 
being fired ; remembering, also, that these four gases, when 
brought together for mixture, aro all different, not only in 
specific gravity, but in their capacities for heat, we cannot 
resist the conclusion, that more time is required than is 
compatible with the present arrangement of our furnaces, 
for effecting tbat mechanical intermixture of their elements 
which will enable them electrically, or cheinicaUy, to com- 
bine and give out heat by producing perfect combustion ; 
that is, the combustion of every atom of tho mass. Indeed, 
without sufficient time, nothing short of a miracle could 
satisfy the required extent of diffusion. Nature, however, 
does not work by miracles, but by defined laws and progres- 
sive means. 

The impression ou men's minds, as already observed, out- 

Kthe laboratory, is, that the proper degree of mixing vrill 



92 

bo brought about as naturally and expeditiously as combus- 
tion requires ; and that it is only by a refinement of calcula- 
tion time is supposed to be required afber the bodies of gas 
and air are brought together. 

Now, this is the great error to be combatted ; and, as I set 
more value, under the conviction of its importance, on the 
necessity of having mare time than ordinary furnaces permit, 
in producing that symmetry and perfect diffusion among the 
atomic groups, I will examine some of the evidences we 
have on the necessity for this required contiguity and 
arrangement of atoms, and the time required for producing it. 

We have seen, that this mixture, before combustion, is 
mechanical^ and preparatory to that chemical mixture and 
union which follows. — The former relating to the mere 
change of poeitian of the atoms ; the latter, to their change 
of properties, — The one, brought about under the operation 
of certain laws and impulses which are influenced by 
densities, temperatures, and other calculable forces, and 
necessarily sloto in their operation : the other, by the rapid, 
instantaneous eflfect of chemical or electrical action.* 

When, indeed, we consider the opposite states of elec- 
tricity of the atoms when in contact, before their chemical 

* The prevailing opinion amongst the highest authorities, both British and 
continental, is, that ohemioal action is identical with electrical agency, and in- 
duced by that disposition or tendency which bodies in opposite states of electricity 
hate towards producing an equilibrium, as when electricity is discharged ttom one 
body or person to another. 

** 'II ne nous reste done plus d'autre reeouroe que de eonsid^rer le feu oomme un 
phemtttim Hectrique, qui a lieu lorsque an moment de la oombinaison des corps, 
leurs 4tats ^leetriques opposes se neutraliient r6ciproquement, circonstanoe dans 
la quelle U reproduit du feu, de la mSme maniere qu' U s'en manifeste dans le 
decharge de la bouteiUe de Leyde on de la foudre.**— BertaKus, toL L, 21S. 

Combustion* Mr. Brande obserres, cannot be regarded as dependant on any 
peculiar principle or form of matter, but must be regarded as a general result of 
iidtm$e chemical aetioH, AU bodies which act powerftOly on each other are in the 
stparatfi eUotriMl skUe {^fposiHw amd M^^'ne ; and the ey<duttoin of heal and li^t 
may depend upon the annihilation of these opposite states, whloh liappeas when 
they combine. 



union, and the change of electric relations which takes place, 
on their union being effected, (for the proofs of which we are 
indebted to Dr. Faraday and other philosophers of the pre- 
sent day,) and the necessity for cotitigiiity in electrical ac- 
tion, it is impossible to deny the importance of tbia previ- 
ous contiguity — not of the bodies or masses, but of their 
elementary atoms, from the union of which heat la produced, 
Now this contiguity of the atoms of the dlff^eat kiiide of gas 
is the very gist of the subject, namely, mixture, or diffusion, 
aa the essential of chemical union and combustion. 

On this head, Berzelius is explicit and satisfactory. See 
his " Traite des Proportions Ohimiquos", one passage of 
which I shall quote : 

"tTonB croyooadant mainteDant savoir areo certitndB, qne lea corps 
(|iii Bont pm (£e CDmliiner, mon treat dea electricity Ubreaoppos^ qui oug- 
mentent de force, \ mesare qu'ellea approchent plus do la temperature & 
la quelle la combinaiaon n lieu, juaqu' h.ce que, d rinrtanS rfersBioujles 
^ectricit^B digparoisaent avec une elevation de tompiirature souvent A 
grande qu' il eclate du feu, Nouaavoos, d'autre part, la mSme certitude, 
que des combines, exposes sous la forme c onvenable, & Taction du conront 
t^lectrique, aont separ^, et recouvrcnt leiirs premieres propriiiteB chimi- 
qnes et fleetriquea, en m^mo temps qae lea electricit^s qui agissent but 
eox, disparaifsent. 

"Dans r^tat actuel do no3 connaisaances I'explication la plus pro- 
bable do lo combustion ct de I'ignition qui en est TefFet, est done, que 
dans toute combiiutison chimique, il 7 a neutralization des ^ectricitifs 
opposes, et quo cette neutralization produit le fou." — Pa^ 4B. 

But it is the rate at which the process of diffusion pro- 
ceeds which affects the question of time. On this head wc 
have ample evidence, that gases, although they will mingle 
by their atoms effeduallif and throughout, do not mingle bo 
rapidly aa is generally supposed ; and that their rates of 
diffusion may even be the subject of calculation. Mr. Kelland, 
who has elaborately calculated many of their movements, 
observes, that, " from the experiments and admirable views 

I Dr. Dalton, we may conclude, that, when different gases 
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arc brought together, they will intermingle with each other 
gradualli/^ offering no other resiBtance (in the words of 
Dalton) to the mixture, than the opposition which pebbles ^ 
present to the motion of water .'*^* 

Thus we find, that, even with the aid which small quan- 
tities, correct proportions, and deliberate mixture afford, the 
operation is still a gradual one, and ^dependant on the ex- 
tent of its contact of atoms with those of the air. How, 
then, must the mixture be retarded when the quantities are 
large ; irregular in proportions ; in a rapid onward motion as 
in a furnace ; and the contact of atoms necessarily obstructed ! 
Dr. Reid, in his " Elements of Chemistry,^^ when describing 
the detonating mixture, directs 'Hhat the oxygen be weU 
mingled with the hydrogen.'''' Here, deliberate measures are 
taken for the difRision of a mere pjiialful, yet we take no pains 
to have these same ingredients '' well mingled!*'' in the furnace ! 

In the '^ Experimental Researches on the Difiusion of 
Gases,'' by Mr. Graham, we have abundant proof of the ab- 
solute necessity for giving time. In one case he observes, 
" the receiver was filled with 75 volumes of hydrogen and 75 
of olefiant gas, agitated and allowed to stand over water for 
twenty-four howrs^ that the mixture might be as perfect (Mjpai- 
sihle.'''' In general, he allowed four hours to elapse before 
he considered the gases adequately mixed. 

Professor Daniell finds, that, even in laboratory experi- 
ments, it is essential to give an excess of oxygen to secure an 
adequate portion reaching each atom of the gas to be con- 
sumed, no more, however, being consumed than its due 
equivalent of oxygen."f" 

* " On the Theory of Heat," by Philip Kelland, M. A., Fellow of Queen's College^ 
Cambridge. 

f " In the process which has been described for collecting the products of the 
detonation of hydrogen and oxygen, it is necessary that they be mixed very aocuratdyt 
in the proportion of two of hydrogen to one of oxygen. In these proportions they 
enter into combination, and in none other, and if either were in excess, the sorpliu 
would be left after detonation."— />ant622'9 Introduction to Chemical Phihaojphy. 
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But the observations of Professor Faraday should satisfy 
us at once on the question of timey and justifies my attribut- 
ing so much importance to this hitherto neglected feature in 
the process of combustion on the large scale. In his ^^ Che- 
mical Manipulations,'''* p. 360, Dr. Faraday says, " It will 
be proper to observe, that, although in making mixtures of 
gases, they will become uniform without agitation, if iuffi- 
cieni time be allowed^ the period required will be very hng^ 
extending even to hours, in narrow vessels. If hydrogen be 
thrown up into a loide jar full of oxygen, so as to fill it, and 
no further agitation given, the mixture, after the lapse of 
several minutes^ will still be of different composition above 
and below.'^ Here are several miniUes proved to be neces- 
sary in effecting adequate mixture in a jar full of the gases, 
whereas we cannot afford even several seconds for the mixing 
of a furnace full. 

Here is proof sufficiently strong in favour of the point of 
time which I am contending for ; yet, in managing combus- 
tion on the large scale, this condition, as to time, is wholly 
overlooked, although the question of economy eminently 
depends on that of perfect diffusion. 

The effect of varying densities, or specific gravities, in 
gases, is also remarkable on the point of time. Mr. Kelland 
observes, that the rapidity of mixing is dependant on the 
relative densities of the gases.* Dr. Dalton found " the 
mobility of gases to be inversely as their densities.'" Dr. Reid 
proves, that gases of different densities do not mingle rapidly. \ 

* *♦ The rapidity of mixing is dependant on the relative densities of the gases, and 
appears, from Mr. Graham's experiments, to be such that the mass which a gas A, 
in any small time, communicates to the gas B, is to the mass B which it receives, 
as the square root of the density of A to the square root of the density of B."— 
Problem^, 

t '* Fill a jar half full of oxygen, and then cautiously fill it up with carbonic acid. 
Then remove the cork and introduce a suspended candle. It burns brilliantly in 
the upper stratum of oxygon, but is extinguished in the carbonic acid below, being 
kindled again, as it is again drawn upwards into the oxygen. Hcnco gaacs of dif- 
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The exporiments of Professor Grahatu also prove how influ- 
ential is the difference of density in aiding or retarding 
diffusion, and he even comes to the conclusion, that ^' the 
specific gravity of gases can be determined by experiment, on 
the principle of difiusion, with greater accuracy than by 
ordinary means.^"* * 

I find, also, a satisfactory illustration given by Berzelius, 
vol. i., pages 234 and 235, of the necessity for giving time for 
the due mixing of the constituents of a combustible gas with 
its supporter previously to combustion, but it is too IcHig for 
introduction here. 

I might here add many illustrations from Dr. Faraday, 
of the causes of the acceleration and retardation of the pro- 
cesses of mixing and combining, but it would draw me too 
much from the practical application of the facts before us. I 
must, therefore, content myself with referring to his able 
"Experimental Researches in Electricity,**^ a work which 
will amply repay the scientific inquirer. 

The work of Mr. Daniell, Professor of Chemistry, King''s 
College, London, in which he has presented to students in 
chemistry an elementary view of the discoveries o( Dr. 
Faraday in electrical science, is also a work well worthy 
perusal by those who desire to go deeper into the considera- 
tion of what belongs to chemical action, and its connexion 

ferent densities do nt^ mingle rapidly with each other, at least, to any great extent. 
But, if the oxygen and carbonic acid bo left together for a considerable time, they 
gradually diflPUse themselves through each other, part of the heavy carbonic acid 
rising, while a portion of the lighter oxygen descends."— £^;nen/s of Chemistry, by 
Br. D. B. Reid, p. 692. 

* A papAr, by Professor Graham, containing the results of a most able inquiry 
into the Laws of the Diffusion of Gises, was read before the Royal Society, of 
Edinburgh. In that paper, the object of the Professor is to establish the 
following law, namely, that " the diffusion, or spontaneous intermixture, of two 
gases in contact, is effected by an interchat^ in position of indefinitely minute 
volumes of the gases, which volumes are not necessarily of equal magnitude, being, 
in the case of each gas, inversely proportional to the square root of the density of 
that gas." 
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with electricity, in the process of combustion, and is strongly 
illustrative of the principle I am here enforcing. 

In Dalton^s paper, read to the Manchester Philosophical 
Society, Jan. 28, 1803, " On the Tendency of Elastic Fluids 
to Dififiision through each other,**' he arrives at this conclu- 
sion, ^' that a lighter elastic fluid cannot rest upon a heavy 
one, as in the case of liquids ; but that they are constantly 
active in diffiising themselves through each other till an eqtd- 
lihriwm is effected^ and that tmthout any regard to their spe- 
cific gravity , except so far as it accelerates or retards the effect^'' 
This is precisely the case before us, and to the point, on this 
branch of the subject; the several gases meeting at the 
bridge of a furnace being so various as to their relative spe- 
cific gravities, as shown in the following scale — air being 
taken as unity : 

Specific Grarities, Weight of 100 cubic inches in gn 

Hydrogen 00689 2-137 

Carbon vapour 0*4210 12*955 

Carburetted hydrogen ...0-5590 17*360 

Carbonic oxide 0*9730 30*186' 

Nitrogen 0*9785 30*346 

Bi-carburetted hydrogen.. 0*9820 30*440 

Atmospheric air 1*0000 31*011 

Oxygen 1*2060 34*346 

Carbonic acid ; 1*5240 47*283 

Here we have many different kinds of gaseous bodies, all 
of which encounter each other in the furnace, struggling 

The following exhibits the results of his numerous and accurate experiments, 

illustrative of the aboye. 

TABLE 

Of equivalent Diffusion-volumes of Gases : AiR^-l. 

By eopperiment. By theory. Specijtc gravity. 

Hydrogen 3*83 3-7947 0*694 

Carburetted hydrogen 1*344 1*3414 0*566 

Olefiantgas 1*0191 10140 0*972 

Carbonic oxide 1*0149 10140 0*972 

Nitrogen 1*0143 10140 0*972 

Oxygen 0*9487 0*9487 0-111 

Sulphuretted hydrogen... 0*95 0-9204 0*180 

Protoxide of nitrogen 0*82 08091 1-627 

Carbonicacid 0812 08091 1-627 

Sulphurous acid 0*68 0*6708 2*2223 

O 
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r and exercising their re§poctive attractive forces for 
the oxygen ; yet all tending towards tlie fonnatioii of an uni- 
fomi nines ant! equilibrium, i/time he allowed. These Ixxliee, 
we see, vary in their Bpecific graviticB, from hydrogen, the 
lightest of all known gaaea, up to carbonic acid, one of the 
heaviest ; thus presenting the greatest natural impediment 
to the foniiation of that equilibrium which ia essential to 
rapid and perfect combustion. 

In the above table we see, that air is nearly double the 
density of the carburetted hydrogen (coal-gas) with which it is 
to mingle; 100 cubic inches of the latter weighing but 17 
grains, while 100 cubie inches of air weigh 31 grains. And 
the difference is still greater between air and hydrf^en, (irf 
which latter four-fifths of coal-gas is constituted,) 100 cubic 
inches weighing but 2137 (2 1-lOth graius) ; the air, con- 
sequently, being nearly fifteen times heavier than that gas : 
and those are the very bodies we oxpoct shall mingle, and 
coalesce, and fonn an equilibrium, on the instant, in the 
furnace. 

Now tliis brings us to the conclusion, that, as wo cannot 
fores the gases (coal-gas and oxygen, for instance) to mingle 
with Bufficiont rapidity, under tho ordinary circumstances of 
the furnace, our views should bo directed to the effecting 
such modifications of that furnace as will aid nature in 
those arrangements which are essential to combustion, rather 
than in obstructing them, or resting satisfied with what 
erroneous custom has established under the attractive, but 
fallacious, name of "practice.'" Here, as chemistry points 
out the evil we have to contend with, so chemistry should 
guide us in applying the remedy. 

I conclude this important division of the subject by the 
following short recapitulation : 

Ist. Combustion, by which we obtain heat, is chemical 
union induced between the combustible and the supportOT^ 



90 

2d. To effect this union, the bodies about to be unite 
muBi first be brought together, cither into actual contact, or 
within their respective spheres of chemical action. 

3d. Ae the chemical unions to be effected are not between 
the ntaesi's, but the elementary atoms of which they are re- 
spectively composed, so the previous mixture and contiguity 
must have reference to euch atotrts, and not to the moiges, or 
aggregate of atoms. 

4th. Complete, perfect mixing means effecting such a 
degree of incorporation that, if portions be taken from diSer- 
ent parts of tbo mass, they will always present groups of the 
exact same constituents, or composition : the whole being 
thus homogeneous and symmetrical throughout ; each atom 
of the combustible being contiguous to its equivalent atom, 
or atoms, of the supporter. 

5th. To effect this degree of incorporation lime ia required, 
according to the special nature of each of the bodies to be 
mixed ; inasmuch as these bodies, when brought together, 
are of such varying densities and temperatures, 

6th. The operation of mixing will be retarded, or accele- 
rated, and a longer time required, according to the nature 
and number of the bodies to bo mixed ; those mixtures in 
which the combustible and the supporter can be brought 
into closer contigmtg {diS hydrogen and oxygen) being effected 
in a shorter time, and with more energy and intensity, than 
where they are at greater distances from each other, by the 
interposition of other gases, as in the case of hydrogen and 



7th. Finally, the quantity of available heat obtained will 
be in the ratio of the number and aimidtaneousness of the 
unions which will take place, and the contiguity of the 
uniting atoms at the time of hehig fired. 

The importance and necessity of time being established, 

knext consideration will be, how to meet the case of that 
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leant of time which in occasioned by the circmnstanoes under 



which coiiibustiou takes 
constructed. 



place in a furoace as ordinarily 



I avail mysolf rf thia opportunity of stating the opinion of 
one whose authority will not be (fuestioned, in confirmation 
of the views taken by me on this part of the subject. Being 
desirous irf having my doubts cleared up on sonie points, I 
consulted Mr. Danioll professionally, and here annex his 
reply. Professor Daoiell, it will be observed, goes even 
farther tlian I have as to the quantity of atmospheric air to 
be supplied in ctfucting tho preparatory mixture of the com- 
bustible and the supporter: urging the necessity, even in 
careful laboratory practico, of providing an esrtceaa of the 
supporter, as a means of ensuring full and saturating diffii- 
sion, and preventing the possibility of any of tho combustible 
passing away uncombined and uncousumed. ^^h 

OPINION. ^1 

"King's College, Sth August, 1840. 

" There can be uo doubt, that the affinity of hydrogen for 
oxygen under most circumstances ia stronger tbau that of 
carbou. If a mixture of two parts of hydrogen and one of 
carbonic acid be passed through a red-hot tube, water ia 
formed, a portion of charcoal is thrown down, and carbonic 
oxide passes over with the excess of hydrogen. 

" With regard to the different forms of hydro-carbon, 
it is well known, that tic whole of the carbon is never 
combined with oxygen in the processes of detonation 
or silent combustion, unlea a large excess of oxygen he 
present. 

" For the complete combustion of defiant gas, it is neces- 
sary to mix the gas with Jive times its volume of oxygen, 
though three only are consnnied. If less be used, part of the 
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carbon escapes combination^ and is deposited as a black 
powder. Even sub-carburetted hydrogen it is necessary to 
mix with more than twice its bulk of oxygen, or the same 
precipitation will occur. 

" It is clear, therefore, that the whole of the hydrogen of 
any of these compounds of carbon may be combined with 
oxygen, while a part of their carbon may escape combustion, 
and that even when enough of oxygen is present for its 
saturation. 

" That which takes place when the mixture is designedly 
made in the most perfect manner must, undoubtedly, arise 
in the common processes of combustion, where the mixture 
is fortuitous and much less intimate. Any method of en- 
suring the complete combustion of fuel, consisting partly of 
the volatile hydro-carbons, must be founded tipon the principle 
of producing an intimate mixture mth them of atmospheric air^ 
in excess^ in that part of the furnace to which they naturally 
rise. In the common construction of furnaces this is scarcely 
possible, as the oxygen of the air^ which passes through the fire 
bars^ is mostly expended upon the solid part of the ignited 
fuel with which it first comes in contact, 

"J. F. DANIELL. 

" To C. W. WilUams, Esq., &c. her 



SECTION VI. 



OP THE MODE OF EFFECTINO THE INCOB. 
PORATION OF THE COAL-GAS AND AIR, 
IN THE FURNACE, PREPARATORY TO 
COMBUSTION. 



PitoFiciJBOH Daniell, ill the opinion just quotod, states the 
true principle on which any iniprovomont in our lumouea 
for ensuring the complete combuBtion of bituminoua coal 
must be founded, iiumcly, the producing an intimate previous 
mixture between the gaseous portion and atmospheric air. 

Keeping this principle in view, I here propose considering 
the mode of introducing air to the conl-gaa, so as most elTec- 
tually to aid this process of difhision. This division of the 
subject involves the practical application of the principles 
here developed, and is, in fact, a consideration of the best 
mode of modifying the arrangements of the furnace and flues 
that they shall best harmonize with the chemical conditions 
under which combustion takes place. 

On this head we find so many convincing illustrations of 
what nature requires, and what a judicious mode of bringing 
air to the gas can effect, in a common candle and iii the 
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Argand lampi thM. I shall, in the first instance, examine 
these two e;(cmplificatioti8 of gaseous combinations and coni- 
buBtion, in the manner adopted by the best British and con- 
tinental chemists, and then apply their illustrations to the 
mode which I propose suggesting. I here, therefore, give a 
summary of what has be«n said on this subject ; and, as the 
practical remedy which I sball conclude by suggesting is 
drawn from the irresistible inferences arising ont of the 
statements of so many competent professors, I shall be the 
more particular in their examination. 

Mr. Brande observes, " In a common candle, the tallow 
is drawn into the burning wick by capillary attraction, and 
there converted into vapour, which ascends in the form of a 
conical column, and has its temperature sufficiently elevated 
to cause it to combine with the oxygen of the surrounding 
atmosphere with a temperature (the result of the combina- 
tion) equivalent to a white heat. But this combustion is 
saperjicial only, the flame being a. thin film of white hot va- 
pour, enclosing an interior portion, trktch cannot Imrn for 
imnt of oxygen. It is in consequence of this structure of 
the flame that we so materially increase its kmf, by propelling 
a cmrent of air through it by the blovypipe ; or supplying 
its interior with oxygen, as in the gas-jet suggested by Mr. 
Daniell (Phil. Mag.. 3d series, 2, 57.) The perfection of 
the Argand lamp is also referable to the same cause." 

Doctor Reid observes, " The flame of acandle is produced 
by the gas formed around the wick acting upon the oxygen 
of the air : i/ie flame it solely at tfie exterior portion of the 
ascending gas. All vnlhont is merely heated air or the 
products of combustion ; all within is unconsvmied gas 
rising in its turn to affect (mingle with) the oxygen of 
the air. 

" If a glass tube he introduced within the flame of a lamp 
oc candle, (as represented in fig, 4.5,) part of the unconsumed 



gia pMses through it, and maj bo kindled aa it i 

(Mr. Brande has given tbe same illustration in his " Manual 

of OhenuBtr^ .") 





Horthior, vol. i., p. 177. observes, " The flame asauiues the 
form of a eharp cone, witli a lipuii spherical shape at the 
lower part. It presents four diatinct parts : namely, (iret, the 
base, of a Bombro blue : this is the gas which burns vrith 
difficulty, because it has not yet acquired a suffieiently high 
temperature; secondly, an inttrior dark cone: thia ia 
combustible gas highly heated, hut which does not bum, 
because it is not mixed with air ; thirdly, the hrilliant conical 
envelope : in this part, combustion takes place with a depoait 
of carbon ; fourthly, a conical envelope, which gives but little 
light, C trespeu lumMieitte^ ) surrounding the whole ilame, 
extremely thin or attenuated, (^ extrentemeni mince,'') and 
which is thickest at the top. Combustion is complete in 
this part, and it is at its contact with the luminous envelope 
that tbe temperature is the highest." 

Berzeliu8,vol.viii,, p. 151, observes, of the flame of a candle, 
— At its base we perceive a small part of a deep blue colour. 
In the middle is a dark part which contains tbe gas evolved 
from the wick, but whioh, not being yet in contact with the 
air, cannot bum : outside of this is the brilliant part of the 
flame. We also perceive, on the confines of this latter, a 
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thin, faintly luminous envelope, which beconiCB larger 
towards the aunmiit of the flame- It is there tliat the flame 
is hottest.* Dr. Thomson, in bis work on "Heat and 
Electricity," and Dumas, in his " Traito de Cliimie appliquee 
aux Arts," give similar illustrations of the comhustioii of the 
gas in the flame of a candle. Dr. Ure observes, " Nothiiig 
places in a clearer light the heedlessness of mankind to the 
most instructive lessons than their neglecting to perceive the 
difficulty of duly intermingling air with inflammable vapours, 
for the purpose of their combustion, as exhibited in the 
everyday occurrence of the flame of a tallow candle, or com- 
mon oil lamp ; for, though this flame be in contact, exter- 
nally, with a current of air created by itself, yet a large por- 
tion of the tallow and oil pasaea off unconsumed, with a 
great loss of the light and heat which they are capable of 
producing." 

All these authorities, we see, agree in the main facts : 
firsts that the dark space in the centre of the flame is a 
body of unconsumed gas readif for combastion, and only 
waiting the preparatory step — the mixing — the getting into 
contact with the oxygen of the air : secmidlif, that that 
portion of the gas in which the due mixing has been effected, 
and which, therefore, becomes inflamed, forms but a thin 
film on the outsiiie of such a body of unconsnmed gas : 
thirdly, that the products of the combustion of the gas 
form the transparent envelope, wtich may be perceived on 

piDsleaiH parties duiit on peutoleauieiit distla^eTqnatiB. A n base, on apperguiii 
una petite partle d'ano blei toad, qui va. toujoora en dimlnniuit a masnie qu'ello 
B'eloigne de 1& meclie, et qnl disporoit toiit-i-Gut la aii les cAt^s de la Itammo 

apperi|u[t bu traTera de U partie biilliaiits. Cett« partie runfunoe lea gax hiaauis 
ia la meclie qui, a'^nt point encore m contact aveB t'air, ne peiivail pas bi'vlrr, 
Autoor d'elle est la partie brilliiuite de la AAmme. En outreT lorsqu'on regarde 
BTec qaelqa' attention, on volt Bur les conOns celled tie nne mince enTeloppe 
peq Inmineuse qui devlecit plufi tar^ vera le sommet tie la Qamme. Coat la que 
^L It gombnstioa des gizs'opere, et 'I't lo Jtain'if: e>' la plui chaudf." 
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dose inspection : fourtldy, that the collet-tion of gas i 
the interior of the flame cannot burn Ih&re for want d 
oxygen. 

Dr. Held uses a remarkable expresaion. which involves (be 
whole qucetiou of currmit, time, and place. " The flame is 
mdelj' at the oxtorior portion of the ascending gas ; all with- 
out being merely heated air, or tile products of combustion ; 
hII within, unconHumed gae, rimng in il» turn to affect the 
oKygcnof thonir." 

Hero lot the (jiieBtioas be answered : — Why does the 
'intn<l« portion alone— thia mere surface of the interior body 
of gofl, enter into combustion i and why does the remainder 
continue unconsumed f I3erzcli us answers, "The gas cannot 
bo Iiumod there, because tJie air which is able to penetrate so 
far has already lost the greatest part of its oxygon."* 

Mr. Rrande puts this with equal force. " This combus- 
tion,'" this chemical union between the gas and the oxygen 
oftlio air, " is but mperfiaiat only, the Haiuo boing a tliin 
film of white hot vapour, enclosing an interior portion which 
cannot him /or leant ofoxygenr Why i What prevents it ! 
Why IB this flume svper^-cial only ! Why is there a want 
o! owyffen, seeing there is no wantofaiV? 

Now, those questions iuvolve the whole of the case of the 
/umace: — they reveal the difference between perfect and 
imperfect combustion. The bodies of gas and air have, it 
ia true, Jree access to each other ; the gas is intensely hot : — 
yet, time ie wanting for their due mixture. Thus, diffusion 
and combustion only proceed, ^aK ^aasr*, as the constituent 
atoms of tho gas, " taMwg their turn,'''' are enabled to get into 
contact with their rospocti ve equivalent atoms of atmospheric 
oxygen. 
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If adequate mixture and tlifliiEiou L-ouId be efTeeted witli- 
out this demaud on time, (and which opinion, wo must con- 
clude, is the general one, seeing that nothing haa been at- 
tempted to show that more time was considered necessary.) 
how does it happen, that so small a bulk of gas as is con- 
tained in this " dark central cone" of the flame of a candle 
should have any difficulty of obtaining its supply of oxygen, 
iu the midst of an uurestricted supply of air i And, if 
this small portion of gas (although at a heat, in the centre 
of a flame, equal iu Intensity to " a -Khite Keaf) has such diffi- 
culty in obtaining adequate conieut with its equivalent of 
oxygen, how can we expect so enornions a mass of gas as is 
generated iu the furnace should be adequately supplied, un- 
der the hurried circumstances occasioned by the draught ?* 

How much more applicable, then, would be the words of 
these experienced chemiats to such a mass : that " it cannot 
burn for wantof oxygen." — (Brando.) That, "notbciugin 
contact with air, it cannot burn." — (Berzelius.) That it 
has " to wait its turn" to mingle with the air. — (Reid.) 
That it does not burn, " parcc quelle n'est pas melange 
d'air.'" — (Berthier.) That, being beyond the necessary 
contact, " hors de ce contact," it cannot burn in the tame 
time. — (Dumas . ) 

I have not hitherto quoted Sir Humphry Davy on this 
head, for his wliole " Researches ou Flame" go in corrobora- 

• "ByexperimentanithDr. WoUaatoQ'aDiabrentinlBiiroaietBr, made inaovonil 
factorlBi, whero both hlgli nad Ion presBore etoam was employed, I fouQd, tbat the 
serial products of combuBtlan from the heller fumaoflfl Qev oS* vlth a velocity of 
fully thirty-six Ccet per second, a rate so ragild ae to iireclude the possibility of the 
hydrogenated i^es from the igult^il coals becoming ^o duly bloiidecl trith the 
■tmoapberlo oxygen sa to be hnmed. It la nell known, that eliutlc fluids, of differ- 
ent densities, anch aa air and carburottad hydrogen, intermingle very slouiy ; but, 
■rhvo tlie til beuomes considerably earhoimted , aa it doea in pa^aiag through the 
gatd. and, ooniiequeatly , beavlei. It wlU not iDcoiparste nt all with the lighter eom- 
it. iu the short Interval ot t ho aerial tranalt tlirougb tho furnace 
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tion ofthe fnots here stated, and tlie inferenceod 
so many competent authorities.* 

If, then, the free, uiirestrictotl access of sir on all 
sides of this small flame is not able, by force, attraction, 
or the laws of diffiiBion, to form a due atomic mixture, 
in time for i^itlon, a fortiori, it cannot do eo when 
the supply of air is restricted and that of the gas 
inermied. 

The Argand lamp furnishes a strong corroboration of 
these principles. This lamp (whetlier with oil or gaa) dif- 
fers from the ordinary one merely in this, that air is intro- 
duced into the centre of the flame ; thus gi«ng it access at 
the itisidt as well as the outeide of the circular body of gas 
to be consumed. Now, the advantage of this alteration 
consists merely in its enlarging the accessible gur/aeei for 
emtact of the atoms to be mixed ; and which, being thus 
nearly doubled, gives to double the number of atoms the 
means of effecting a juxtaposition, or contact, in the tame 
»paee of time : for, after all, by the criteria of time 
and COTrfart of atoms muFtt any improved plan be tested; 
since, in Professor Danioirs words, its efficiency must 
be "founded on the principle of producing an mitTnate 
mixture." 

Dr. Reid, speaking of the Argand lamp, (see fig. 46,) 
observes, that the intensity of the heat is augmented by 
causing the air to enter in the middle of a circular wick, or 
«eries of rjas-jets, so that more gas is consumed within a 
given apace than in the ordinary manner. 

But why is more gas consumed within this given space f 
Solely because more capability for mixture is afforded, and a 
greater number ofaccesaible points ofcowioci obtained, arising 

* ■■ Id looking Blcuiriistly at aaiao," he obBcrrcs. "the part where the cnmbusUble 
li TolntlUwd ii aeen, nnd it uppoara ilarker, contraated with the [nirt in whloh tt 



n fig. 47. where 



oat of this senee of jete. This mav 1: 

the inner surfaces, a a, are shown in addition to the outer 
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" If the aperture," he observes, "■ by which air is admitted 
into the interior of the flame, be closed, the flame, repre- 
sented in. fi^. 46, immediately assumes the form shown in fig. 
48 ; part of the ^pply of air being thus cut ofij it extends 
farther into the air before it meets with the oxygen necessary 
for its combustion" i the lenfft/t, upwards, of the flame being 
alwaj's in proportion to the heat below — to the quantity 
of gas generated — and to the strength of the ascending 
current. 

In this case, the flame, instead of being short, white, cvlin- 
drical, and brilliant — without smoke, and giving out mueh 
heat and light— becomes instantaneously of a murky red 
colour, of a long conical shape, with much smoke, and 
diminished heating and lighting properties. 

Here we trace the length of the flame to the slow progres- 
sive rate, consecutive character, and diminished rate of mi.t- 
ing and combustion, occasioned by the want of an adequate 
number of obtainable points for zuutual access, within any 
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|{1T«) timet between tlio supuratu coiistituouts of u 
tho afaims of oxygen from the air. lu this case, (by stopping' 
the adniisaion of air to the centre of the Hanie,) the body of 
gaa evolved from the inward side of the circular wick be- 
comes chemically decomposed : that is, reaolved into its 
separate constituents, hydrogen and carbon, by the heat of 
tho film of white hot Haute which encircles it ; but, not meet- 
ing tho required supply of oxygen, (which has now to come 
from tho oatside current of air,) these coastitueiits ascend 
uncoinbinod, and, not meeting the supply until too laie — 
until tho ascending current has carried them beyond tho 
temperature rcciuired for chemical action, both neceesarily 
pass away unconsumed ; the carbonaceous constituent 
losing its gaseous character, assuming its former colour 
and state of a black i)ulverulont body, and becoming true 
smoke. 

The enlargement or elongation of the Hamo, therefore, eo 
far from being an indication of increased combustion, is di- 
rect evidence of the contrary ; and it will hereafter be shown, 
that the leii(fth of visible Hame bears no relation to the ex- 
tent, much less to tho intensity, of combustion or the quan- 
tity of evolved heat : Hamo being, in fact, not combustion, 
but merely an intermediate stage in that process, as far as 
the carbon is concerned. 

The examination of these successive processes and effects, 
in the flames of the candle and lamp, has always been con- 
sidered BO instructive by chemists, aud offering such means 
of observing nature in her efforts to effect her purpose, that 
great attention has ever been paid to it. A similar study 
by onr practical mechanics and " smoke- burning" inventors 
would enable them to perceive the great chemical errors on 
which their patents are founded, 

Tho conclusions we draw from this analytical examina- 
tion of the llamcs of the lamp and caiidio, and which we 
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have now to apply to the Turnacc, arc, that the gas evolved 
from the combustible, be it oil or coal, " cannot bum" until 
its constituent atome have come into contact with their equi- 
valent atoms of oxygen from the air ; that the want of heat 
was not the primary, but the induced or aecondary cause of 
this want of burning faculty ; and that the ascending cur- 
rent had destroyed the chance of subsequent ignition by car- 
rying the gas into the cooling region of the air, by which the 
nccessar}' diffusion came too late for ignition. Thus, in the 
case of the lamp, as well as the furnace, the nocossary iifiie 
is unattainable, and, therefore, diSusion is equally so, c^Ecept 
by the compensating alternative of iacreaeed surface and its 
aSbrding an increased number of points for mutual contact 
in any given time. 

Many illuetrations might here be given as to the value of 
the compensating power of increased surface in lieu of time. 
Among these may be mentioned, that produced by numerous 
jets of water in reducing the temperature of the surrounding 
air. The well-known cooling effoct of a shower of rain is 
caused by the increased surface of the aqueous particles pre- 
senting increased facilities for the absorption of heat. 

I have dwelt particularly on this part of the subject, as so 
many errors in the admission of the air to the furnace are 
clearly referable to the neglect of this first principle of 
chemical union, — the bringing the combustible and the 
supporter into contact, not by their masses, but by their 
constituent and elementary atoms; and which, though so 
well understood and practised in the laboratory, has not 
been sufficiently distinguished and dwelt on by chemical 
writers as to enforce attention upon practical men. 

In looking for a remedy for tlie evils arising out of the 
hurried state of things which the interior of a furnace 
naturally presents ; and obBorving the means by which the 
gas is effectually consumed in tho Argand lamp, it seemed 
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nunifnt, that, if the gas in the furnace could be presented, 
by means of jetn, to an adequate (jiiantity of air, as it is in 
the lamp, the result would be the same : namely, a quicker 
and mure Jtitiniate mixture and ditfusion, and, consequentiy, 
a more eYteusivD and perfect combustion. The difficulty of 
effocting a siniilar distribution of the gas in the furnace, by 
means of jetB, however, seemed insurmountable : one alter- 
native aloue remained, uamely, that, since the gas could not 
be introduced by jets into the body of air, the air migU h 
introduced hi/jet» into the body of g€kg. 

This, then, is my remedy. This is the means which 1 
adopt, and by which 1 effect a complete combustion of the 
gases in the furnace, as we do in the lamp. Professor Brande 
has so clearly described the operation of the jet that I avail 
myself of bis remarks in elucidation of the result produced 
by a jet of air into a body of gas, and the analogy it bears 
to that of a jet of gas into a bmly of air.* 

This process meets the entire difficulties of the case as to 
time, current, temperature, and ({uantity. By this means, 
the process of diffusion is hastened without the injurious 
effect of cooling; and which always takes place when air js 
introduced by large orifices. 

• " When air la admitted in tioiit of tile fum&ce. or Uiioagb or onr the flicl. It 
ubtlonily ncror can cffbot ihoM useful jmrpoat* which »ra, nt once, oblsined by 
iulnilttln)c It In due proprirtloa to the Inteasulr -heated [nflajumaible TBpoan aBiI 
gues, or. la other Kotdi, to the prniluiits of the dlBtlltatlon of ooaJ. at anoh tempeta- 
turethBtthejmaytiikotlrelniticDntacC. IathlB»ii;,eiuihjatDf air whlehyou admit 
becomes, as it were, the soitrceor centre of a separate flame, and the eflbotiB exactly 
that of so many jeld of lofliunmBble or ooal gas Ignited In the air ; only, in your 
furnace, jaa Imert this ordinary ilate of Ihingn, and use a jet of bJi thrown Into ao 
\ of Inflammable gae, thas making an experiment upon a large and prac- 
I on. a small ana thoontlcal settle, in llliistnitlon of 
thelnaccuraoy of tho oominon terms o( ' miitiB/iWe ' and ■ saiiparler of cunibmtim,' 
at onliiuuily applied. 

" I flU a bladder withcoal-gni. nod ntlaeh to it a jut, by which I bum aflame of 
that gas in an atmosphere of. or a bell gluss ailed with, oxygen: of coarse, the ga* 
burns brilliantly, and we call the gas tho cnmbmllble, and the uiygen the mp- 
purter of oombuitlon. If I noir Invert this common order of things, and BU the 
bhiddcr Kith oxygen and the bell glass with eonl-gu, 1 and, that the Jet of ar/^n 
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In thia view of tlie case I was atrengtIicneJ, by observing 
the effect of a jet of air thrown by means of a blow-pipo 
into the body of gas — the " dark central cone" of the flanic of 
a candle, and where, if properly managed, the due equivalent 
of air may be brought into contact with the gas without any 
injurious cooling effect. 

The difference, then, between the application of air by 
means of the jet, and that of tho ordinary action of the 
atmosphere, consiets solely in the increased surface it presents 
for mutual contact in any given unit of time, and by which 
a large quantity ia so introduced aa to meet its corresponding 
equivalent quantity of gas, while the latter retaina the re- 
quisite temperature. 

And lot us here examine how far this mode of introducing 
air to the combustible gases in the furnace is analogous (as 
to its power of aiding diffusion) to that produced by a blow- 
pipe. Let fig. 49 represent a section of one of theae diffu- 
aion jets ; a a will represent the exterior surface of tho jet 
or column of air, impinging, by reason of its onward 
motion, against the inUrior surface, g ff, oi the body of 
gaa to be consumed ; and through which it forces for itself 



niiij be Inflnrafd in the atmiisphere of eoui-ynj -wLth exaotlj the same g«ii«ni] phe- 
nomena as when lie jet of coul-m' la inaamad in the atmosphere of OJWn. Thij 
ia pTociacl}- lOTir girocesH. You admit a Dumbor of jets of air Into a heated. Inflam- 
mable atmoaphere, and ao atti^ ita mmbnation inaixeh B way a» to produce aereni 
increase of iieat, andj as a neoeasary eonaeqaence, deatruy the Bmoire, Yon. in 
fMt, convert wTiab ia commonly called amoke into fuel, at tlie tiim lehfn And plaeK 
mllere thla combuation can be moat efibetlToly brought about."— Profemi' Bmndi'ii 
LtOtT to ffif AaOiar. 

On the Bubjeot of the iel Dr. Hre aiao observes :— ■' In the ease of ^eat alenni- 
bolier tonuwca, since those are ted at abort Intecvala, your plan of dlstiibnting 
otmoaplierlc air. In a rettnlated quantity, by uTimeroiia Jetg. tbronRh the boiiy of 
the gasiform mattct, is peculiarly happy, and rnuat extract tlie whole heat whiuh 
the combnatibio is capable of alTording ; and your mode ot aapplying atmoapherie 
oiygon will prerent tiie poasibility of Uic cstbO'n of the coaiB eaeaping in the slate 
of eortoBic oiiiie gM, whoreby, ot preaent, mnch heat ia lost in our our great ftir- 
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, forming the column, or hollow double cone, 
shown in the (ij^irc. 

Fig. 49. 

TnTTTTTTrrTTrrrrrrmxmTrTTTTTrrrnrn' 



Here the appearance as well as the operatio 
with that of the hlow-pipo, conveying the idea of a jet of 
actual _^a»ifl, rather than of air, so inetantanooua is the com- 
bustion when etjuivulent atoms approach each other, and so 
efRcicnt is the operation, by means of their extended aurfaces, 
in aiding atomic diffusion. Here (ae also in the blowpipe) 
the process differs from that of the flume of a candle. In be- 
ing raeerW; the air being Weno/- in the former, and exte- 
rior in the latter, as explained by Berzoline.* 

Thus we see, that the peculiarity as to the action and 
value of ih.fi jet arises from the circumstance of its forcing or 
creating, as it were,_/or itadf, a larger surface for contact, by 
which a greater number of elementary atoms of the combus- 
tible and the supporter, the " comburanf'', gain access to each 
other in any given time. Tlie "solar lamp" (a great 
improvement of the Argaud lamp) is an illustration of the 
effect of increased surface created by virtue of an impinging 
current on the outside, as the blow-pipe does on the inside, of 
the mass to be consumed. 
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The space between tho two Buriacce of air and gas, a and^ 
iu fig. 4, repreeents the " thin film of white hot vapour'™, or 
flame, (see page 101,) where combustion is carried on with 
the greatest energy. The iucrisiscd ealorific power produced 

by this mode of acting, b^Jet, will, therefore, he in the ratio of 
the entire exterior surface of this visible cone of ilamo to the 
sectional area of the orifice alone. 

But the value of the jet (aa a diffusive power) arises from 
this, that it creates not merely an enlarged surface of air, 
but a corresponding enlarged surface of gas, both having, at 
the same time, "the nearest possible contact" over the 
whole of these artificially produced surfaces. 

This diffusion, so produced by mere pressure of the atmo- 
sphere, has a strtkinfj advantage (for the purposes of the 
furnace) over that created by force and injection through the 
blow-pipe, namely, that by the former no more air will enter 
by any one orifice than is required, and can be absorbed, 
beneficially, by the gas with which it there comes in contact ; 
nature, as it were, not overcharging herself : whereas, in the 
case of tho latter, (the blow-pipe,) much judgment and ma- 
nagement ai'e required aa to the quantity of air injected to 
prevent overcharging. For, if (by the blow-pipe) this 
quantity be mmus of what the surface portions of tho gas 
require for saturation, that portion which does not re- 
ceive its equivalent will pass away without aiding in tho 
operation,* 

On the other hand, if the quantity heplus of the saturating 
equivalent of the gas, a cooling effect will be produced, even 
though the air injected bo at a high temperature. For, let 
the temperature of the admitted air be what it may, it must 
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a commensuratu <xmling effect, + 
remedied, then, in the furnace, is not ttu 
want of a BufBeientlj' e!e^ ated temperature ; ueither can the 
introduction of hcntcMl or hot air remove it. The evil, even 
where the proper ;;rosH volume of air is .admitted, atiaes 
from the approach or contact of any portions of auch gross 
volume of air, to portions of gas, (however em.-dl they may 
he,) beyond what can instantaneousi}' combine with such se- 
[>anitc the portions of gas; that is, being inexccssofwhat is 
rigidly duo to the atoms of such portions of gas. To be mom 
precise, the practical evil in the admission of air to the fur- 
nace arises from the presenting a greater number of its atoms 
to any given number of atoms of gas, in any one locality, or 
in any given timi?, than can obtaiu contact and be chemically 
united, on tJie iiiglan/, with such atoms of gas. 

Now, this inoi|uaHty in the distribution of air, and the 
destructive cooling influence it creates, cannot be avoided by 
any plau hitherto adopted ; because the orifices of the pipes, 
conduits, or other moans by which air has been made to 
enter, admit quantities inimeasnrably greater than can be 
combined with the small quantities of gas with which they 
come directly in contact. 

Air may be in excesi, as regards its efects, though, as re- 
garde quantity, it may be hdow the saturating equivalent 
i-oquired by the gas to which it is presented. Its cooling 
influence will therefore operate, not in pro|x»rtion to the gross 
volume introduced, but to the inefficiency of its distribution. 

Air may bo in excess, and always is so, in the furnace, 
when introduced in quantities beyond what is due to the 
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Burfaoe atoms, or superficial stratum of gas which Hjlrgt ap- 
proaches. Neither can this evil be remedied by such exccsa 
aiihieqnently meeting with gas repairing such oxygen or air. 
The mischief is done by its cooling influence on those atoms 
which do not come into contact, and which, being at ouce 
reduced below the temperature of ignition, are paralyzed in 
their action. Thus, air, when in excess of the absorbing fa- 
culty of the gas it encounters, instead of engendering heat, 
produces cold. The result ia, that both are negative, or lost, 
to tho operation of the furnace. 

The effect of excess or deficiency, then, ianot to be judged 
by relation to the volumea in gross, but to the joint capaci- 
ties or combining powers of the rospectivo portion a of air and 
pas which meet in collision, and with reference to the rela- 
tive surface which each presents to tho other. On the ma- 
nagement, also, of these relative quantities and surfaces will 
depend the rapidity and aimultaneousness of the action, and, 
consequently, the intensity of the heat evolved ; " the heat 
of flame," as Sir Humphry Davy observes, " being propor- 
tional to the rapidity of combustion." 

The distinction here pointed out being one of paramount 
importance, ss a further illustration, I have annexed a dia- 
gram, (No. 1 4,) in which the mmim,um, iman, and maximum 
effects of surface-contact are brought practically before us. 

fiis diagram ropreaouts the following sections : 
Fig. 1 .—Of the flame of a common candle. 
Fig. 2. — Of an ordinary single jet of gaa. 
Fig. 3. — Of a jet from one of the orifices of the furnace 
diffusion-tubes. 
Fig. 4. — Of a jet formed by the blow-pipe. 
All these figures are given of the full ordinary si^ic ; the 
atoms of air and gas, however, beirig necessarily represented 
of large dimensions, that their respective situations and action 
may be the more perceptible. 
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Fig. 1 ia ijne Bection of the Same of a common ci 
The series of circles, a a, represents the lino of atoma con- 
stituting the interior surface, or stratum, of the air endo- 
vouring to obtain contact with the atoms of gas, 17 ij, which 
constitute the exterior surface, or stratum, of the " darlt cen- 
tral cone" (see page lOi). The intervening space, pp,v\\i 
then be occupied by the atoms from those two surfaces, as 
they mutually obtain contact and arc chemically cwmbining 
— giving out heat — and forming products of their union, h 
this place alone combustion is going on, forming the " brilliant 
conical envelope", — properly speaking, the fame:* and here 
we have the ndnimiun, or lowest degree of heat. 

Pig. 2 represents the flame of a single gas-jet. Here the 
inner superficial stratum of the air, a a, and the outer s^pe^ 
ficial atrattun of the gas, g g, are similarly circumstanced to 
those in fig. 1 : the action of the air is also the same, which, 
in both cases, is pressed against the gas with a farce ei^ual to 
the barometrical pressure alone. 

Fig. S rojiresents a jot from one of the orifices of the diffu- 
sion-tnhes, as shown in diagram 9 : the relative position 
of the air and gas being now reversed, the air being inside 
and the gas outside. 

Fig. 4 representsa jet occasionetl by the action ofthe blow- 
pipe forced into the body of unconsumed gas collected round 
the wick of the candle or lamp, the atoms of which are 
" waiting their turn" to obtain contact with those of the air. 
Here we have the maxirnvm of heat. 

Let us now inquire into the causes of the difference in the 
heating powers of these four states of flame. In fig. 1 we 
saw, that contact was obtained by the mero pressure of the 
exterior air against the gas evolved in the interior, — the 



relative t^uantitiea of each brougbt into contact beinjr neceasa- 
rily limited to tlie extent of their respective eurfacee, and the 
rate at which their union is effected ; and, since both these 
were at the maJtitnitm, the heat ^ivcn out was also at the 



In fig. 2, the action of the atmosphere aud the amount of 
its pressure being the same as in fig. 1, we should naturally 
infer, that the quantity of gas coDeumed and heat produced 
would be the same. That, however, is not the case ; for 
here a new feature is induced, the gas, being forced hj me- 
chanical pressure against the atmosphere surrounding it, 
creates, for its own purposes, an additional extent of surface. 
The result is, an increased measure of contact — of chemical 
union — and combustion. In this we find the first character- 
istic of the jet, as contradistiuguished from the action 
resulting from mere rarefaction, as seen in the case of 
the candle. The difference between the quantity of heat 
evolved by these two descriptions of flame will be as the 
difference of their contact-surfaces produced in any given 
unit of time : for in this alone is there any variance. This, 
then, I call the mean heat between the extremes of the can- 
dle and the blow-pipe. 

In fig. 3 we have an entirely different state of things, 
demanding special notice. In the last example, (fig. 2,) the 
gas-jet was set in motion from. wUhin, and impelled, with 
increased activity, against the air, which was outside of it. 
We now reverse this order, by giving the air an impulse 
from within, against the pas on its outside. 

Aa far as mere mixture or diffusion is concerned, wc 
should infer, that the effect would he the same in both cases : 
namely, that the two gaseous bodies would mingle to the 
same extent, whether the air wera impelled against the gas, 
or vice versa; inasmuch as, the amount of operating iufluence 
being the same, like cause would produce hke effect. 
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This, in fact, would be the case, were we merely calcnla^ 
in^ farces : for, wliethor A t>e propelled againet B, or B 
agaiDBt A. the same amount ^ force is generated and h- 
porii'ncod by both ; the rcsistftnce being etjual to the presmRi 
it being then a case of mere action and reaction. 

Hut, in the case lieforo ue, there are other circumstances 
that require to bo taken into consideration besides the mm 
amount of force. We must take into account the relatiTO 
rfuantitifi to ho mixed. The difTusion essential to the com- 
blution is, then, not as between A and R, but between 
A* and B: that is, between four atoms of air and one o( 
Jitas i or, what ia still more to tho point, ten volumes of air 
and onti of gas. — (See diagram 1.) It thus becomes im- 
portant to consider whit;h is to be tho tnovinp body, and 
which tho body to bo moved — which is in the active and 
which in the passive state ; inasmuch as we find the quan- 
tity of eomhutition is considerably influsnood by this cir- 
cumstance. 

In tho caae of the candle flame, (ig. 1, and the gaa-jet, fig. 
2, the gas impinges against the air by the force of its ascend- 
ing faculty alone, or by the mere power of rarefaction ; and, 
meeting tlio air in its sluggish or inert state, tho volume of 
gait is not able to obtain contact with its equivalent (ten vo- 
lumes) of air, except to a very limited extent, until too late ; 
that is, until one or both have been carried beyond the 
temperature required for chemical action, and hence the 
low calorific effect and the great quantity of smoke 
produced. 

If, however, as in fig. 3, wo impart to the air the impul- 
sive effect, its action becomes accelerated, and we thus in- 
crease, practically, the extent of its diffusion and chemical 
iii'tioti, up to the point of mutual saturation. 

In lig. 4 wo have aaimilur illustration, but more strikingly 
yxemplified, by reason of the inereafled impulse given to the 



4r, and which compeDiiates for the smaller adinission-orifioe, 
i compared with the preceding- case. 
This impulse, however, in either case, must be judicionflly 
I managed, or the gaa will be overcharged by the air pro- 
I pelled against it, and a reaction will ensuo from the cool- 
I ing influence of auch excesa of air.* 

Thus we see, that a, sntall^ orifice, with an increased im- 
pulse, produces a greater effect than a larger orifice, with 
diminished activity in the air. The result nierita more 
attention than can here be given to it. 

There are several other circumstancea which tend to in- 
crease this diffusive influence and its efiect ; but to go more 
in detail would be departing from that practical application 
which I have endeavoured to confine these observations. 
Aciong these, however, may be mentioned a very impoi'tant 
iclasa, namely, thoae arising froni the varying temperatures 
land bulk of the gaa or air at the time of contact. This, 
however, will be considered more appropriately hereafter, as 
much error exists on this subject among practical men : 
great attention being ])aid to the heating the atr before its 
'•dmission to the gas, and which is often attended with 
jnjurioua results; instead of heating the gaa before it comes 
a contact with the air, which would be attended with useful 
fCBults. Here again we see how the neglect of the chemistry 
i«f combustion has led practical men astray in pursuit of an 
ifinagiuary advantage to the neglect of a real one. 

All these favourable circumstances combining in the action 

fiS the blow-pipe, we there find the tnawimum of heat, though 

rt of light. This distinction, however, not being directly 

*" Tujit quo la quantity d'air qui Tlent lecher U OunRien'esvcdo inueelln qui 
1 oeMJBaire ii [a couibuetton, celUd est aeederet par Ic coiinml. In tampeniitHre 

I& Hunme a'^leve, et devient ploa brllliante, quuigue d'une moinilra ^Undne. 
lia&iuiiitot que cctte limlte e&l depidafe, I'eices d'alr hut 1h BBmniee'; iSebauilis 
itUement, lui eo.\6ra da In teniperatiire qui lui itait j,rnpse.-'—Pdo«ze ■■ Tniti 

I'Mn'ncfo nu Gas, p. Ua. 



122 



coanoctcd with the matUr under oonsi deration, to enter oa 
it would bo a digrossioii, which would uot here bo justifiable. 

This analysis of tho action of the air enables ua to com- 
prehenil the principle on which these diffusion -jets produce 
superior heating powers ; and we see how closely they are 
allied to that of tlie action of the blow-pipe ; being, in fact, 
perfectly analogous in ^inciplo, and difi'eriug only in degres. 
Wo also hero trace the source of the intense heat produced 
by the action of the blow-pipe. In its flamo we perceive, 
that the whole of the nuiuerous atoms forming the two con- 
tiguous surfaces, a a and ri g, are simultaneously encounter- 
ing thoir respective eiiuivalents, — entering into chemiuui 
union, and producing combustion : in fact, changing elec- 
tricities. During these several processes the air is in a con- 
tinuous outward motion, by the force of the pressure or blast 
impinging on tbo interior stratum of tbo cone of gas, and 
drawing, in the same direction, tho heated products of their 
union. Ilcnco we have a current of accumulating beat and 
evolved electricity, converging towards a given point, and 
there concentrating with sm intensity proportional to the ex- 
tent of eurfaco obtained and the rapidity of the current. 
Thus wo have the cause of its maximum of beat.* 

But there is a feature in all this which must not be over- 
looked, namely, the relation which these extended surfaces 
and their mutual action hear upon tbo quostitm of time, for 
here lies tJte source of quantity and intensity. These latter 
are, in fact, resolvable into tho quantity of offectlvo surface 



b ue ooncaive llicae mirfncea, n n 
I octlun : a oluu'!^ podlf vcly, i 
whteli they ore fgrmeil. during ( 
[spld uatian, Terging towonln i 



J. Klthin the sjiluira of ohDmlcal or 
II negatlTOlj' : nucl, further, tbnt tho 
ictof chunglnR thuir electric elatea. 
inmon point. We can. then, eati\J 
concelie tho oaluie and extent of that concBntrntioti which must ensue. In Ihiii 
caae, mipposing that the inner body tomioil a stream of oxygen, bdiI tho ou(«i one 
of hydrogeo, tho hittor will ^lo out nogntJTe, aaA the reimer poaitlve eloctridty. 
The reiultg will bo founcl in tho ptoducta geaemtiul by tbdr aulon, an 
heut Ronemtud liy (hiuc pruducts. 
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obtainable in any given uni^ of time; for effectix>e surface is 
here only another term for quantity in the combining atoms; 
as time is but another term for their effective diffusion and 
union. 

I have dwelt thus much on this point, because the ad- 
vantages obtainable from the mode I suggest of introduc- 
ing air to the gas arise, mainly, from the peculiarities inci- 
dent to the action of thejet^ as compared with any other 
mode of bringing these elements of heat together ; these 
peculiarities being irrespective of the causes which produce 
them, whether they be the result of the natural indraught, 
as in the furnace ; or of exterior force, as in the blow-pipe. 

Turn the matter, then, as we may, the question of perfect 
or imperfect combustion, as far as human means are to be 
applied, is one regarding the air^ rather than the combustible 
— the mode in which it may be introduced, rather than the 
qua/ntities supplied — ^the contact of atoms rather than of 
masses. 

But why should the practice, at the present day, require 
that we should have to enforce the necessity for manage- 
mmt in the introduction and distribution of air to the gas in 
the furnace, seeing that it is so analogous to the mode now 
xmiversally recognised in bringing gas to the air in the lamp ! 
Perfect mixing and diffusion being the objects sought, all 
that science, ingenuity, and experience have established as 
sound and useful in the one case is equally so in the other : 
and in the application of skill or judgment in pursuit of this 
object, it makes no difference whether we speak of bringing 
gas to the air^ or air to the gas. 

From what has been said it will be manifest, that that 
remedy will be the best in practice which will best enable 
us to effect the following purposes : 

1. Establishing a complete control as to quantity owqt the 
admission of air to the gaseous matter in the furnace. 



124 



i. Establiehin^ a similar control over the admisgitm of 
air to thp carhonarwu^ or I'oked portion of the coal reatiDg 
on the bnrw. 

8. Keeping these two supplies so distinct that they can- 
not mar each Other's functions by influencing the quantity 
or quality of cither. 

4. Restricting the supply of air to the ignitftd carbon oq 
the bars to what ib retguired for its own special process of 
union and conibiistion. 

fi. Accommodating the supplies of air to the cotaecvtiw 
character of the several procesBcs which take place in the 
furnace, by introducing it in the right place. 

6. Enabling the air to overcome the impedimenta to its 
diffusion among the gases, resulting from their varying ^>eci/c 
gravities. 

7. Preventing any oooling operation in the furnace, b; 
presenting no greater portions of air to any portions of gas than 
can be chemically combined with such portions respectively. 

8. Counteracting the «vils arising from the eurrviA or 
onward motion of the combustible gases ou their being 
generated, and which current so obstructs their incorpor- 
ation with tho air. 

9. Presenting tho largest possible gurface, for mutual 
contact and dif^sion, between the constituent atoms of the 
gas and those of the air, with the view of eompenaating for 
the want of time. 

10. Ensuring, not merely the introduction of an adequate 
quantity of air to the gaa, but the completion of their ^>r»- 
paratory mixture, before either has passed beyond the range 
of the tdTnperature required for chemical action. 

These several heads will be found to embrace the essen- 
tials towards obtaining as great perfection in the process of 
combustion, and, consequently, as high a calorific effect, as is 
compatible with the conditions of a furnace. 
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Let Qs now fM>e how &r the prapowd mode will attsQ' 
these desiderata. 

The diagrams 9, 10, and 11 will illustrate the principle 
'hich the proposed remedj is founded, as follows : 

1. The air is introduced by means of a series of distribu- 
tors, or diffusion-tubes, with numerous small orifices, through 
which it will enter, as through a Beries of jets or blow-pipe«. 
The effect of this will be the obtaining the largest possible 
extent of contact-surfaces for the air and gas, bj which the 
want of time will be compensated. 

2. The air is introduced to the gas from a separate cjiam- 
her, wholly unconnected with the ashpit (which latter acts 
the part of an air-chamber, for the carbon on the bars): 
no interference, therefore, can arise, and no deterioration of 
the air passing to either can take place. 

3. The air, being introduced in jets, ac<juircs a force by 
which it is enabled to penetrate the mass of gases which 
it encounters in their onward current ; thus materially aid- 
ing the process of didusion. This yMtwt process of injection 
also tends to neutralize the effect of the varying epecifie gra- 
vities of the several gases ; the heavy atmospheric air being 
thus forced among the hydrogen and other lighter gasea. 

4. These diffusion-tubes are spread over a large surface of 
the flame-bed. The effect of this is the preventing any ex- 
cess of heat in any one locality ; giving a more available ex- 
tent of active flame to the boiler, corresponding, in effect, 
with an enlargement of the furnace. This arrangement, also, 
accommodates nature in the comecutive processes of combina- 
tion and combustion, as the hydrogen and carbon succes- 
sively come into action. 

In suggesting this mode of effecting the due mixture 
of the air and gas, I do not affect to say that it is the beat 
ibr accomplishing the desired purpose. AVhat I do assert 
[JK, that I have directed attention to the true causes of the 
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* combnetion which at yircspiit [irovails in our fii 
itaccB — to the true principle on which they may be iinprovod 
— and to tho part which chemistry baa to act in reromuiig 
them. 

Boforo concUidiiig this notice on the mode of effecting flw 
comhuatioii of the iuHaminablo gaac^, I cannot omit adding 
a few words on some of tboso recommended by othen ; 
namely, sueb as are founded on the erroneous idea, whii'h 
appears to have laid bold of the minds of so many inventors 
of late years, that the gases arc consuinalile by being brought 
into contact with a body oi"fflo}oiwf iwandetcmtt/uel." Thia 
will he inquired into more in detail when 1 come to exa- 
mine tho various plana of " smoke- burning" furnaces and 
boilers. I am hero only dosiroiia of checking that misappli- 
cation of talent and nicaiia which tho adoption of this funda- 
mental cliomical error induces, and giving them a more cor- 
rect and useful direction. 

The leading condition of the combustion of the inflamma- 
ble gases being the mixture with the oxygen of the air, in 
given quantitiei and at a given temperature, these inventors 
have, in too many instaiwiOB, exclusively directed tbeir atten- 
tion to tho latter to the utter neglect of the former. Now, 
this ia unquestionably the condition which demands the least 
attention at our hands, for though increase of temperature 
favoura tho ignition of the gases, not even that of incandes- 
cence can effect their combustion. 

With respect to the bringing tho volatile products of coal 
(gas, or smoke, or whatever they may be called) into contact 
with a body of incandescent fuel, the result will bo the r&- 
verge of that on which th«ae patentees have based their pre- 
tensions : namely, the absorption of heat by their expansion 
and decomposition, instead of gloing out heat by their com- 
bustion. This fact has long been known, and, in one of 
Dr. Henry's Papers, (vol. iii.,) read to tho Manchester 
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Philosophical Society, above twenty years ago, he says, " It is 
a wdt-hnmon property of both the varieties of the carburretted 
hydrogen, that they deposit charcoal (virtually become 
smoke) when heated ; and M. Berthollet has shown, that the 
amount of this effect is proportionate to the increase of temper- 
ature.**'' 

This erroneous notion of the supposed combustion of 
the gases, (or smoke,) by bringing them into contact with 
a mass of " glowing coals,'''' appears to have originated with 
Watt ; and, having been adopted by Tredgold and others, 
has since passed into a recognised principle, — thus, by in- 
ducing a conventional mode of speaking on the economy of 
fuel, the error has been perpetuated. It appears strange, 
that, while so many have taken this as their text, or adopted 
it as their starting-point, none of these inventors have 
examined, or even doubted, its correctness. Yet any che- 
mical work of authority would have informed them of the 
well-established fact, that decomposition, not combustion, is 
the result of a high temperature applied to the hydro-carbon 
gases — that no possible degree of heat can consume carbon 
— and that its combustion is merely produced by, and is, in 
fact, its imion with, oxygen, which latter, however, they take 
little care to provide. 

One of the most recent instances of this great practical 
and chemical error that has come under my notice 
was exhibited in the plan adopted in some of the 
London steam-vessels during the last year, 1840. (See dia- 
gram 12, No. 1.) In this instance, the gas issuing from the 
body of fresh coals on om set of bars was made to pass over 
and among the body of glowing coals on a second set of bars : 
and this was done under the erroneous expectation that it 
would thus he consumed^ and become the instrument of giving 
out heat. ""Tis strange that such inventors would not first 
inquire what is meant by being " consumed.*''' 
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Now, in this contrivitiice, no attempt whatever i 
to bring atmoephoric air, the one fh'tn^ needful, into con- 
tact with this maas of heateJ inflammable gHs. Indeed, 
it is mnnifsst, on inapectioD of the diagram, that there 
existed no possibility for any approach of air to thp gases so 
evolved. 1 mention these abortive attempts at combustion 
as illustrative of the gross errors into which the neglect of 
the essentials of combustion too often leads ingooious mecha- 
nical men,* 

The " conifiKstton of amoia'\ indeed, eeems to have been 
the grand desideratum ; ami the cost of following this ignii 
fatuus is proved by the numerous patents which it has led 
to, from the days of Watt to the present time. In Nowton'a 
Journal of Arts,\ (Angust, 1840,) we find one (the last, I 
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in mtgiiii pbsDd aboTB the tatasnea st 
ttnuD'bulloR, sltboncb It bcim uo moinbtBiifle whatever to gncli patent. Tlu 
pUa prnpoMcl by tbe pal«Dt oDculatccI In pUcInf the freah oonla in iron retorti. 
ttOBi wlilcli tbe RBwa genented nere to iiu> in coatut nlth the red-bet nu'bvB- 
aoeoua matter, or ceko. produeail by the pFevians charge. Oa the guea behii 
sipelled, the leal dium, orooke, mwto be Inken oat and plaeiKl oa the bars ol tlu 
Rrato beneath, b; vhieb, the gai, from Ibo auocieadlDg ohiirgB uF the rotorti 
■nu. In Ita torn, expected to be ooninmed. It may here be obaurrod, that thli 
mgde uf aiding the beat In ramanos ia equally unionad In prlaeiple as the ahoTe 
with the double ant of bora \ {noJinuDh ai au meona nhateier are proTlded Tor 
bringing ttio air to the gues ao generated."— PiiJw' trrrnOtd to John Boume.Jbr 
"(viiaiH Imimcemenli in Sluam-criirtnia.i'ail In the Cmtlrtu-Uaii u/Boilcn. Fttraaea. 



f " The object of my iDventlun, being the mure perToct couaumptlon of smoke 
luid eonaequent economy ia tuul. la etteoted by aiich noiel arronafement and een- 
struetton of the fumote, or are place, as the flrat or outorniuat eet at Sre-Iari 
is Intended to receive the fuel when It is Sret Introdaced Into the furooeo. and tbe 
cliBTred or red-hot ooa) la to be paaaed backwards, and thna placed upon the leoond 
or "iBwoWa set of firebars, and InunedlBtoly rolaed by tho sliding carriage olose to 
the bottom of tbe holler, causing the amoke to come In contact with the charred 
or red-hot coal , and, ailtrlaea from the green or fresh cool. In tlie front part of the 
furnace. It I'HU be perfecUv cvstaoied \a passing oter tho accand, or red-hot Hre, 
instead of being allowed to ceotpe with the gojeonB pioilueta to the chimney."— 
Patau gnmtcd io Jamft Drac, fyr " nn Imjiromniail in Uui MAihs t. 
■■'■wkr aiH( Efoiiomiihv Fnd m SliBm-ri^iiif 'wrf nlher Fmanres." 
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^hiBt, of the seriee) ia which the changes are rung on the 
same theme. (See diagram 12.) 

In this patent, the smoke, " as it arises from the green or 
fresh fuel in the front of one furnace, is to be consumed hy the 
red-hot ^re of the second furnace," This patentee begins by 
informing the world, that " the object of his invention is the 
more perfect consumption of smoke," Consumption (i. e., 
waste) of coaU would have been a more appropriate title. 
Yet, here is much ingenuity exercised (as in the cases just 
mentioned) in ensuring contact with " red-hot fire", which ia 
not called for, or necessary ; yet, not one word do we find 
respecting its union with oxygen or providing a due supply of 
air ; the really and only important condition re<[uired. 

These patentees, in fact, speak of the combustion of gases, 
smoke, and vapour as they would of burning a piece of 
wood by thrusting it into the fire. Yet, chemistry teaches, 
that heat has nothing to do with their combustion beyond 
this, that a certain, temperature is essential to the develop- 
ment of chemical action between the combustible and the 
supporter, when hofh are brought together. But providing 
heat is not providing air ; neither is decomposition com- 
bustion. 

In Newton's Journal, of Fehiuary, 1840,* we have another 
notable instance of the neglect of chemistry, when speaking 
of combustion, (Seediagram 12.) We there have the speci- 
fication of a patent for " an improved furnace for consuming 



* " This is effected by iliTidinic tbe faimica. longitndiiiiLlli. Into two ot more 
parti, in order to forin two or more disliiici Jiit-places, whiLh ore to ho sopplied 
witb fuel Bltematolf, allowing tliat in tlie adjoining flro-pla^e, over which the 
imoke ia to i>e directed, to hare besome comiileteiy red. Tho dlrcctlun of ths 
eitioke sadgaaes ia regnlated b; dampers plai:ed at the end of the furnaces, in order 
(hat the oaiumuDicatlon with the flue ma; be cast off from such firo place while 
the Fresh fuel is introducing aad the unohc emitted ia drawn over the red-hot fuel 
of the next flre-place, tlirough a lateral opening, by which meana iliesTiivkebeama 
led.'*— Paienf ijroflfcii (a Thmnaa HaU, "/br <in Imprimeil Farnace/atiminHMiii! 
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amoke, and [\a a niEitter of course] economiring fuel." 
that patent we have the usual repetition of "the emoke 
and gaecB arising from the combustion [error first] of a fresh 
supply of fuel, becoming consumed [error second] by passing 
over the surface of a glowing fire in the fire-place contiguous" 
[error third.] 

Again : " The smoke and \'apour will be compelled to pass 
through the lateral opening in the partition, a, and over the 
red-hot fuel in the fire-place, A ; which smoke and vapour, in 
their passage, will necessarily become consumo<l, or put in 
a state of combustion" in the fire-place, B: and, winding 
up the story, we are told, that " the dense volume of 
smoke and combustible vaixiur, evolved at every fresh 
supply of fuel, may be conducted into the adjoining fire- 
place, where, by passing over the ignited red-hot fuel, it 
may become burnt and comtDncd ".' yet, through the whole of 
this specification also, we have not even a passing notice 
of tlio value which air would impart to this ingenious, but 
lamentably erroneous, smoke and vapour burning process. 

Here, as in moat of such caaes, the use of the " red-hot 
fuer' in the furnaces is mistaken ; and, because red-hot fuel 
would burn the fingers, it erroneously is supposed capable of 
burning the gas; — the peculiar use of the red-hot fuel, as 
regards the gases, being, in fact, not the causing their coia- 
huation, but their mere gmeratityii and subsequent decompo- 
sition, preparatory to combustion, on meeting the due supply 
of pure air. 

These three attempts at combustion which I have here 
described are all based on the same chemical error, namely, 
the bringing the gases evolved from a charge of coal on one fur^ 
nace, or set of bars, in contact with, and to bo consumed by, the 
body of hot glowing coals on another furnace, or sot of bars. 

I regret having to take unfavourable notice of these inven- 
tions ; nor would I have done so wero it not necesaary, in 
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the ooune of proofs which 1 had to addooe, that those as- 

Humed principles, which are ao palpably in opposition to 
chemistry, should be strongly and broadly pointed out : for, 
with a hke chance of being right or useful, would a man who 
had never seen a ship, a compass, or the sea give saihng iu- 
stnietions for a voyage, as he who undertakes to give iiistruc- 
tions on the mode of effecting combuation, while ignorant 
of the relation between chemistry and that extraordinary 
and complicated procesB. 

This neglect of chemistry, when treating of combustion, 
cannot be too strongly exposed, neither can its study he too 
much enforced, seeing that it is so practically within the 
reach of all. For chemistry is no longer tho mysterious 
alchymy of a century ago ; it is now a mere rigid inquiry 
into nature's processes and laws, by tho aid of those 
proofs and illustrations which nature herself has sup- 
plied. It has taken its place among the exaet sciences, 
and now recognises no man's dictum or opinion, 
apart from experimental tests and strict circumstantial 
evidence. 

Looking, then, to chemistry, I would add, in reference to 
these smoke-burning expedients, that, in seeking to obtain 
heat from gas, the bringing it into connexion with ignited 
carbonaceous matter, or to any thing approaching the tem- 
perature of incandesence, is useless, if not injurious, until we 
are assured ofltamng the mewns of contact mth air fidlf/ pro- 
vided for. 

Indeed, the temperature of incandesence, though it will 
increase the explosive tendency of the gas, and thereby /aCT7t- 
tate combustion, has yet no natural or chemical relation 
to the act of its combustion ; for, while it does nothing in 
aid of the generation of heat, it risks the loss of the latter 
by promoting the formation of other and injurious uniong in 

tiace, if the air be not supplied. 
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. t)»vy has shown, that tlie combuetib 
^aees ia iiicreatsed by increasing their temperature ; but this 
combuHtibitity impHes their union with oxygen. This union, 
however, ia strangely overlooked in the search after mere 
temperature, increasing the teuiperature of the gas, by 
hriugingit intocuutactwith incandescent fuel, can only have 
the effect of iuoreasinj,' its capability or /aculti/ for combus- 
tion ; but does not produce or cause combustion. And here 
I may dilate a little on the various attempts that have 
been made to heat the air previously to its introduction, 
while no effort is made to boat the gas, the value of which 
has been so distinctly proved, and which is so practicable in 
tlio furnace, as will hereafter be shown. 

Sir H. Davj' observes, that, " by heating strongly gases 
that burn with difficulty, their continued inflammation be- 
comes easy"; an<l, further, that " expansion by heat, instead 
of diminishing their combustibility, (as had been asserted,) 
on the contrary, enables them to explode at a lower terapera- 
turo." Enabling thom, however, to burn at a lower tem- 
perature, or increasing their faculty for combustion, is one 
thing, while briuging that faculty into action is another 
and a very different one. 

Lot ua take an illustration on this head from the flame of 
a candle. The high temperature to which the gas in the 
centre of the Hamo is raised cousiderably increases its inflam- 
mability, or faculty of combustion : tliat such high tempera- 
ture, however, does not produce combustion (as is taken for 
granted by these inventors) ia self-evident. 

" This vapour," observes Dr. Thomson, " is raised to such 
a high temperature, that i t combines rapidly with the oxygen 
of the surrounding atmosphere. The flame of a candle is 
merely a thin film of white hot vapour, enclosing within it 
a cjuantity of hot vapour, which, for want of oxygen, ia 
iMapahk o/buraingy 

• •■ Oil Hunt nnii Eloolrlci ly." by Thumao Thum 
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Now, this is the whole caee aga.ini<t these gas and emoke 
consumers. For, if high temperature could effect couibus- 
tion, this little nucleus of gas in the centre of flame of a 
truly incandescent character would assuredly have been 
consumed. Yet Dr. Thomson and all other authorities 
prove it to be " incapoMe of burning." 

It is the palpable oversight of this distinction, between 
increasing the faculty of combustion and actually produciiig 
such combustion, which Las led to that manifest chemical 
blunder, — the supposing that the coal-gas in a furnace \a to 
be humed by the act of bringing it into contact with bodies at 
a high temperature ; or, in the words of the patentees, by 
" causing it to pass through, over, or among a body of hot, 
glowing eoals." Indeed, these words of Watt, "through, 
over, or among," have much to answer for : they have led 
more men astray, and have occasioned more waste of money, 
loss of time, and misapplication of talent than almost any 
other false light of the day. The three instances quoted are 
clearly referable to this source. 

In our efforts, then, towards effecting the combustion of 
the gaseous products of coals, it is essential that we steer 
clear of this hitherto unquestioned routine ; attending 
mainly to the question of air, and all that has reference to its 
introduction, distribution, and diffusion : for we may take it 
for granted, that the condition of heat is but a secondary 
condition ; since the required temperature will not be 
wanting in the furnace, if air be supplied in the proper 
quantity, at the proper ^foce, and in the proper manner. If 
these conditions be satisfied, the furnace cannot fail in sup- 
plying sufficient heat ; and will no more require the aid of a 
"body of incandescent fuel" than the flame of a candle or 
the jet of the blow-pipe. If, however, these conditions bo 
not satisfied, an accession of heat cannot remedy the evil, 
however it may aggravate it. 
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But, 1 have said, this erroneous view of the comboation of 
the gases be^xan with Watt. His patent of 1785 fully jus- 
tifies this assertion.* In his spccificatian, after reiterating 
the injunction, that " the smoke or flame is to pass over or 
through the eokotl or charred part of the fuel," he sums up 
in these words: "Lastly, my invention consists in tha 
method of consuming the smoie and increasing the heat ly 
earning the Mooie and fame of fresh fuel to pass ihrov^h 
vsry hot funnels or pipes, or anumg, through, or near fud 
which is intemelif hoi, and which has ceased to smoke"; 
and then follows that part of his instructions which his 
HUccesBors have so strangely neglected, " and by mixing it 
irith fresh air, when in these circumstances." 

It is clear. Watt had a right conception of the necessity 
for ini.xing air with the gas. His error lay in tlio extent to 
which he considered the application of heat essential to its 
combustion. His followers and commentators, Trodgold and 
others, have neglected that part oi' liis instructions in which 
he was right — the " mixing with fresh air"; and have fixed 
theirmindson that in which he was wrong — the bringing the 
gaa or snioko '■ through, o-eer, or among intensely hot fneL" 



> WaU'apMent, at 17N6. (lee tUpurtory of Arta, Tol. It., p. 3S<I,| eonslats "la 
flhmlDff thflBmofaQorOunBarthe freab faal to pan. togethur wlthaouirentoffrejih 
^r, Uirangb.oTur. orarnDDEfual whleh huooued toimoke. ornhlDb Iscanyeiiei 
Into ooka, sliitieaal, nr oLnden, aud. vhlnh [a Inteiwel; hot, b; which tbe inioka 
or RiDucr puts of tbe Buno, b; comEnft fllose [nto cohtnct Kith, or by b«lnH broughl 
Hoar anto, the lajd iuCsiuelr hot fuel, nnd bj being mixed with tbe cunoat of 
freah or unbiirnt air, ore oonautiied or cooTcrted Into boat, or Into pore Suna. Ine 
is Id practise bj conitruotlni the flre-place la sn 



tbnt the Borne luu) the at 
ally, or boilzoatally throi 
pniaed through the t 






rtoter- 



ough tbe hnrnlDg fuel. In aome euca, after the Sama tuu 
aing fuel, I cause it to paea throagb a vcr; liot funnel, flue, 
to tha bottom of tbe boiler, bf which meina the smoke in 
atiU moro p^ivtaaltj/ corvumfid.' W&giBttins the sound, and adopting tbe unsaundi 
part of Watt's apeolGcntlon, sereiaJ patents have, of late yeara, been taJienaut hi 
the Tery wards of tbe above, la one of the*o, by meant of double funiacaa, one 
ab07e the othei, the gas generated In the upper one is aotnallf forced oi dnwa 
down by artificial currents throDgfa tha ignited tBel In tbe loner one. 
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So much, indeed, was Wntt impreesed with the importance 

of intense heat that he actually provides both for the "/resA 
air" and the gas pasaing through tlie hot fuel on the bars ; 
overlooking the facts, that, iu that event, the air would no 
longer remain pure; and that no heat to which he could 
introduce the air or smoke could equal that created in the 
furnace by the very act of union between tho air and the 
gaa ; but which he erroneously imagines can be aided by the 
heat of the " charred part of the fuel." 

Thus, we see, the very words of Watt, where he was in 
error, have been adopted to express the main, and, in many 
instances, the only, feature of these smoke -burning patents ; 
while the judicious part of his in^tnictiona has been unac- 
countably omitted. 

I need only say, chemistry has since taught, that the whole 
process is cither injurious or unnecessary; and that, if the 
introduction of tho air be properly managed, the necessary 
heat for effecting combustion will never be wanting in tho 
furnace. 

The mere enunciation, then, of a plan for "consuming 
smoX'e" ia prima facie evidence, that the inventor has not 
sufficiently considered the subject in its chemical relatiom. 
Chemists can understand a plan for the preventim ofamoSte, 
but, as to its comhustion, it is so unscientific, not to say im- 
possible, (if there be any truth in chemistry,) that such 
phraseology should be avoided. The popular and conven- 
tional phrase, " a furnace burning its own smoke", may be 
justifiable as conveying an intelligible meaning ; but, in a 
Bcientific work, or from one professing to teach those who 
cannot distinguish for themselves, and who may thus be led 
into error, it is wholly objectionable. 

But let justice, however, be doue to Watt. It is not hia 
fault that the errors he committed should continue to be re- 
peated ; he would have been among the first to benefit by and 
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apply ttie more correct principlea of combustJan developed by 
the rapid iiuprovement of chemical science in eiibsequent 
yeara. My own views of tbo merit due to Watt, and the in- 
justice done to him and to science by bo many of hia ill-judged 
eulogiets and followers, have been bo ably and eloquently 
urged by Mr. Parkes, in deprecating this habit of blind 
submission to rules founded by one set of men on the in- 
GOnipleto experiments and imperfect knowledge of another 
Bet that I cannot better express my sentiments than by 
quoting his words: 

" The name, experiments, and practice of Watt are also 
very commonly used by writers on the steam-engine, as 
arguments and data for empirical rules which Watt would 
have been the first to repudiate. This is a s}'stom which 
cannot be too strongly reprobated. It has bad the effect of 
restricting rather than of extending the conquest and realms 
of science ; and much injustice has been done to the 
character of these distinguished men by tbo excessive zeal 
of disciples. Smeaton and Watt were not merely engineers : 
they were gre.at practical philosoplterg. Their career was 
marked by a succosaion of bounds over mechanical obstacles. 
Their writings exhibit a modesty becoming greatness ; and, 
in giving to the world an account of their experiments and 
discoveries, they never dreamed that they could be regarded 
aa laws to control future ages, or be viewed otherwise than 
as progressive steps towards the attainment of a perfection 
in their favourite pursuits, which, they well knew, neither 
the life nor labours of any single man (however great his 
genius) could aecompliBh."" — Parkea on Boilers and Steam 
Engines. Trans. Inst. C. E. Vol. iii., Part 1, p. 2i. 



SECTION vm. 



OF THE PLACE FOR THE INTEODnCTION OF 

k ■■■=■■ 

The last consideration of the series, regarding the intro- 
duction of air to the furnace, has reference to the place or 
situation where it may act its part with the greatest effect 
in aid of the means by which nature works out her own 
ends in the process of combustion. 

From what has been said, it will be manifest, that the 
situation to be selected should not only be such as will 
favour its coming most advantageously into contact with 
the combustibles with which it is to unite, in their respec- 
tive states of solid and gaseous, but that it shall not inter- 
fere with any other of the processes going on in the furnace : 
otherwise, we risk the counteraating in one direction the 
good we do in another. 

These considerations are generally overlooked in practice, 
and the whole summed up in one indiscriminating, general 
rule, as expressed by Tredgold, namely, " that, in order that 
w/ect cmi&iistion, or burning of the fuel, may take place, 



^^^f«ct com 
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tlie air sliould have free access to every part of the fuel 
which is heated Bufficicntly to burn." Here there is no 
discrimination betweeu the gaseous and the solid, and no 
reference to quantity of air or any other condition of " per- 
fect combustion," This loose mode of expression, particu- 
larly when it conveys erroneous principles, is highly repr&- 
bensiblo. Such dicta from such quarters pass current, 
and, becoming fL\ed in the minds of youth, present great 
obstacles to the introduction of truth.* We meet with no 
such inaccuracies in the works of our best chemical authors. 
Unfortunately, mechanical engineers look lees into chemical 
authorities than is consistent 'A-ith the science they profess 
and their real interests. 

I assert, in contradiction, that "■free aceeai^ should not be 
given to any part of the fuel iu any stage of burning, and 
that such is incompatible with " perfect combustion." 

The first consideration, then, arising out of tho several 
states of the combustibles, is, that there be, at least, heo dis- 
tinct places for tho admission of the air, and tliat these 
be so situated that they be susceptible of separate 
control. 

Of the place for admitting air to the solid carion on the 
bars, it is manifest we have no alternative ; for, even if we 
had a more practical, it does not appear that any more judi- 

» To thlB general rule Is Mldml tbe following InoompreheaalWe ana, from » 
Hlentlfic mui, nnpardoniiblf carclaai nnd erroaeooB aoto : 

" PerfectcumbuBtLonof thefusl is to be undorstooa only »o fur aa it ia comifitent 
liegreaUat degreo of aaeful tifcct. ICmnat aereibcpiuliedto tint 
gaiiGoa^ products, and tlui njr nccesmi? lo Udw Ihi 

ito this alalo of imperfection is unin- 
beiiis ' ' pnalied too fnr". bo as to euDia 
^achemicalnoTeltj. Af^ain. Iiow the 
leit la equally unintelligible. Ths 
Q" muHt be tut olhen to diacoTer. 
nilli the " Rreatest degre' 
« copsistont with itjeir. , 
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cioua, place could be selected than directly rromtbe Mltpit 
upwards towards the bars and the fuel upon them ; yut, a 
patent has actually been recently taken out for roveraing this 
order. This arrangement, indeed, cannot, as to place, be 
improved, inasmuch aa the carbonized fuel, being spread on 
the bars, with an extended surface for the air to act on, 
presents the moat favourable means of bringing both toge- 
ther: it being here particularly to bo observed, that no 
greater quantity of air should be allowed to enter, in this 
direction, than what is strictly applicable, and required for 
the union with and combustion of the carbonised portion of 
^B the coal. 

^H That portion, however, of the air which is intended for 
^B^ gae must be supplied from some other quarter, and 
^H requires another arrangement ; for, as we have been warned, 
^■-when treating of the quality of the air, the channel by the 
^K ashpit and bars is the most objectionablo that could bo 
selected, inasmuch aa it cannot reach the gas, in that direc- 
tion, without, first, urging, unduly, and in the way of blast, 
I the combustion of this carbonized matter, and, secondly, 
without undergoing manifest deterioration and loss of 
oxygen. 
Tredgold contemplated introducing the eaiire supply of 
wr through the ashpit and bars; and in the description 
attached to the plates of boilers and furnaces, in hia work 
on " Ventilation," (lately republished,) this is put so dis- 
tinctly that it cannot be miBunderatood : " The gas which 
distils from the fresh fuel having to pass over the red-hot 
1' embers, through which the airjrcm the ashpit ascmds, will be 
lamed," Sec. Here we have the old error, namely, sup- 
I jposing that passing the gas over red-hot fuel is the means 
1 by which its combustion is to be effected. 

Mr. Farkes was the first, I believe, who suggested and 
\ adopted, in his patent of 1820, a separate supply of air 




to the gases, aelccting the bridge an the locality. If the 
sir is to be introduced in a mosa, or in any one locniity, 
then the hollow bridge of Mr. Parkea is unquestionably the 
□lottt suitable; because, the greatest body of heat being there 
collected, the effect of its cooling infliieace would be attended 
with, comparatively, the least diminution of complete 
rombustion. But it has been already shown, that the 
required supply of air is, necessarily, so groat that it 
precludes the posBibilit)' of its being introduced, at any 
one place, or through any few orifices, wherever they may 
bo eitunted, without manirest danger Irom their cooling 
influence, even though sH<^h air should previouBly have been 
heated, * and without producing an unequal and injurious 
uFToct on the contiguous portion of the boiler. 

In what place, then, sbould the air be admitted J This 
can only bo answered by reference to the chemical conditions 
under which it combineH with the gas ; namely, those of 
ijuankity — preparatory mixture or difTusion — and tempera- 
ture, ForobviouB reasons, these conditions cannot be satis- 
fied at the bridge, or in front of it.-f- We are thus reduced 

« An linprotnl niotllSoktiuti of thu holtow bridge bu been, tor muif joen. 
Mlupted. on tho lUKseatioa of M>. Shaw, In the TesBels of tbo Dablln Steuo 
Campuir. By tfala ■mngiment Uib nil Is lutrodaud. not br a hoUov briaKt, M 
bu b«n tried umuccMiruIlj, but In ftont of the bridge: n fire tile or brick 
ibleld being placed on the bum to prcTcnt ncceu of the ^r to the Inouideguent 
fuel on them. Tliene have been funud the nsoit prBntlo&ll]' neeTuI of auj hitherto 
(idopt«d. The detail> of theio kinOu uf briilKe« will be given heroafter. nith their 
rfllatiie cflbcta. 

I " When sir la ndmUtod In front ot tlie ramncc. or through, or over the tual, it 
obvioiulT never can elTect those iubTuI purjionii wliieh are, at onee, obtaioed bj 
admitting it In due proportloa to the intenwlr-beated Inflammahle vapoiin 
tuid gases i or, in other wordi, to tbe products ut the distillatliHi of goat, at mob 
temperature that the; nm; tnke flre la its contact. In-thia wafeiusb jet of air 
irhiohron admit becomes, aa It nere, tbe souree or centre of a separate flame i and 
the eStxl is eiaotl]' that of so mans JeU of iDflammable or ooa] gu ignited in the 
air! only. In your fUmaoe, you Invert this ordinary slate of tilings, and aae a jet o( 
air thrown into an ntuosphere of inflnmmable gas ; thus making an experiment 
upon a large and pmctlcal, which 1 bare oTten made on a small and (lieoretieal, 
■cnio, in illuHtration of the inaccnraey of the ommon terms of ' mmbmliNf Ud 
' mtpportet nfcflmbuaiion', ru ordinarily applied. 
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to the alternative, that, as the air to the carbonized fuel on 
the bars must come from the ashpit, that to the gas will 
be best introduced beyond the bridge. 

Looking chemically at the constitution and combustion 
of gaseous bodies, the only advantage which the locality of 
the bridge presents is the securing one of those conditiona 
alluded to, namely, the required temperature. This, how- 
ever, it has been already shown., demands the least attention 
on our part, though nnaccountably considered as the only 
one necessary, and from which bo many of the errors of the 
present practice have originated. 

Were it possible to maintain a continuous high tempera- 
ture at a distance from the bridge, or a chain of igniting 
points or stations, the most effective mode of introducing air 
would be by a corresponding succession of jets along tho 
flues, (due regard being had to the entire quantity required,) 
thus feeding, as it were, the stream of gas through the Hue 
of its flight, and producing a continuity of combustion, or 
body of flame ; avoiding an extreme of heat in any one 
place, or a deficiency in another, until the last atom of 
gas had been supplied with oxygen, fired, and chemically 



And, if we consider what an. enormous mass of gaa is to 
rbe ignited and of flame produced, from a single ton of coals. 



■' I an a bladder with coal-pu, and attacb tt> It a jet. bf Mhidi I bnm a Bamo of 
thatgu In on atmospbere of, arabell'it1ai< filled wltb, oijgTa: of course, tbefcas 
bunubTilllantl;, and we call Cbe gas tbe combustible, ana tbe OTyften the sup- 
porter of eombustion. If I now iavert thia comiuon order ot things, and fill tho 
bJlddw with oiygen, and the IwU-ghkBs with ooal-gHS, I And that the jet of iwJtreH 
may be inflamed in the atmoaphere of coal-jaa with eiaetly the aame genepal 
pheUDmeDB u when the jet of coal-gas is in Hawed in the iitinoapbere of ojjdW". 
This la precisely your prooest. Yon admit a number of jets of air into a heaUd, 
inflammabloatinosphere, aodeoattalnitseombustioninsuchaway Bsto prodBcs 
a great incraftse of heat ; and, as a necessary eonaequenoo. destroy tho smoke. 
You. iD ftict, eooTcrt what is eommonl j called smoke into fuel, at the tiiae. wAek, 
ud the ptaee le/iere, this combustion can be most efffeotivily brongbt about."— Jtfr, 
^l flroBcfcl leller fa Ihs AiOhor 

^ • 
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(Hupposiiig that all were cousumed equally well, as in the 
Argmid lamp or jot of gas light,) the inconvenience of 
having its actual combufition coafined to one locality will be 
the more apparent.' 

As, liowevor, wo have not discovered the means of main- 
taining such a succeBsion of gas-iguiting points or stations 
as is here supposed, we must manage to extend the orifices 
for the introduction of the air along the flamo-bed to afibrd 
time and s])ace for diflusion ; limiting tlie extent to the 
means of maintaining it unextinguished, until the v^hole of 
the gas has passed through its successive changes of preparar 
tion, ignition, and combustion. 

With respect to the length of JUime obtained in a furnace, 
under the present system, Tredgold considers six feet from 
the bridge as the niaxiniutn available length, and which, he 
infers, should have direct reference to the length and shape 



* Ob« ton oi M&lt produMi 1U,0IKI euUs Ttct «f parifl«d gu. Th«e Kquin Un 

Unuutbvir Tulama ut ntmosphoiio bIt \ aas I DO ,000 cubic feet— making, nbea dulf 
iQOOTpoTfiUd, IIO.OUO cubic feet of eiptofllTe mliturc, ami wbUh. when find, 
would produce a fnil volume of latuniel; but OamD to tbab extent i aod 
withuut ikddlng nnj tiling for tbat oxpuuiun HlUch MCOiupatiie> tba set nt 
eombuition. 

liD«, Bupponing thin ononnDaB nuiu of flaina, or lKiiilcdga»eauiiinattor. poising 
througli tbe oriflco or throat of a furnace onu foot wide and one foot high, looe 
foot cqniire,) It would extend lu a diitaace of no low than iiomty anil Uireequarlrrt 
nMri. Were we to take into account tbe Sams from tbe tu, alia, uiU Dtliei oom- 
boBtibloa, whieh are alio lolatillzed In tbe faniace. through Mpuiated in the puil- 
fleaton of tbo gni worki ; and odd, alio, tbe proportion of air duuto the oombui- 
Uon of lbs bi-carborettcd hjdrojen or oloflimt gu, which is ttlwnys present to tbe 
amount of From tea to twenty per cent. In coilI-kbs. we see tbe Toiuuie of Baoie here 
desciibed would be conilderitbiy enlarged. 

Of the hootiiig powers of cneb expiosiTe mixture we cannot luio a better lliaa- 
tratloDthonthla, that, when wefire. in the luborator;, a aingiecnblc foot of these 
lle.OOO cable feet, tbe beat and explosive effect are conaiderablB. 

bo Gongiderod an Important cansidoratlon, ;et the loss of a correaponding portion 
of tbla 110,000 cable feet of indammabiB mixtare in not to be contemplated without 
nhonlng ua tbe extent of onr leaa. The quesUon, then, is, not what portion of the 
lO.DM) we iose, bnt what portion of tbe 110,0110 wu hive converted into active flame 
for the purpOBSa of tbe furnace and boiler. 
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of the boiler.* This assertion Js evidently founded on the 

supposition, that there is no necessary preparatory process, 
and that these six feet may be considered as the distance 
which actual flame traverses before its constituents are, as it 
were, burnt out, or exhausted. This view of the nature of 
flame, however, is not supported by any chemical reasoning. 

But let us inquire what causes these six feet, or any num- 
ber of feet. " Perfect combustion" (which Tredgold would 
instruct us to effect) would give no length of flame whatever, 
and no smoke. It would, in fact, be explosive, as we witness 
it in the laboratory ; for by no arrangement can we give 
length to flame, after having once effected the mixture of the 
combustible and the supporter at the required temperature. 

If, then, the length which flame exhibits in the furnace 
has, or ought to have, any practical connexion with the size 
or shape of the boiler, it would be important to inquire how 
it could be promoted or extended. But mere length of flame 
has already been shown (when speaking of the Argand 
lamp, page 109) to be direct evidence, that the process of 
mixing the air and the gas, preparatory to ignition, has been 
incomplete, by reason of a deficiency of points of mutual 
available contact and sufficient time ; this continuousnesa, or 
apparent length ,in flame, being, in fact, the measure, or in 
the ratio, of the time during which — not the combustion, but 
the preparatory diffusion is going on. 

For we have no chemical reason or ground for su])posing 
that flame is or should be contimtaus, or have length, or even 
existence, at any distance from the point where its ignition 
commenced, beyond what is due to expansion alone. In 

* "ThBilistonije to which thejlojiw and fteoM smote ota Hre will eitend, aoan 
(o be ^edual, wUl depend on the dranght ot the chironejf and the oatnre of the 
fnel : from three to sii feel will be iibout tlie raneo in a well constructed flie-place ; 
that L), abontdi feet witit coaJs and n good dranght. and aboot throe feet with 
ookB and Ter^ slow draught. This, of course, will regulate the length of the 
boiler.-— rr«4«pWo«FB«(i(fl<««. l*3S. 
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len^tlt, or continuity of action, is inconsistenr 
nature of gaseoua bodies, or their chemical combinations. 

Apparent len^h, then, as 1 will term it, muat be con- 
sidered as iudicativo of the tuccesgiort of new atoms or 
sectious of the combustible entering into combination ; that 
is, of a conseeiitiee process ; and not of the time actually 
re4)uired to complete the combustion of any such atom or 
section. This view of the nature of flame has an important 
bearing on its practical efficiency in the flues of a furnace, 
and shows us, thut our attention should be directed to the 
promoting this comecutive character, or aeries of perfect 
combustions, with their rapid combinations, as shown in the 
flame of the Argand lamp, see fig. 46 ; rather than as in fig. 
♦8, with its teniithfn«il flame and imperfect combuatioii.* 

From this reasoning we are led to conclude, that where 
flame assuinos a prolonged or lougtlionod appearance, as in 
the case of the candle, or even of the greatest conflagration, 
it is solely in consequence of the atoms of the liberated com- 
bustible gases being, by some cause or other, impeded in 
effecting mechaniual contact and diffusion with the atoms of 
tho air; and having to "toait their tura' in effecting their 
respective mixing and firing ; and not of any time being re- 
quired for a«tual combustion, to which the evidence of facts 
and the illustrations of chemistry are repugnant. 

Were we assured, that, in these "six feet" of Tredgold, the 
entire of the constituents of the gas were adequately incor- 
porated with the air and consumed, no further inquiry 
would be requisite, and we might rest satisfied that combus- 

* ThlsiasIiDWD hjOie fact, that, la some cones, on clnslag the alr-nddilraian 
oriHee, 4, rtlaerHin No. 8, the flame aBBiuoea a lengthanetl apl>e(inunie, Hirallar to 
that exMbited on closlnit the orlflee forwlmittinEalrto Ihegaa In theinteriarof 
thcArganillainp.seefiit.W.pOBelM. Now, tt is clear, that we sro not JnrtiHed 
in Knppoaing that tbla ealargemont of the apparent volume of flame la the famace 
flue li iDcllcatlve of a more effectlTe Kombuetlon. Tho rcTerse, we seo, isproTed 
the Argnncl lamp, where length of flame is the ojipo'f'i' of qiianUly, OT 
either u to heat orlight. 
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tion was complete. But the very existence of the " heated 
visible smoke" is proof to the contrary, and wo know not 
how much invisible heuted smoke inay accompany it. 

But "the distance," says Tredgold, "to which the Harae 
and heated smoke will extend, so aa to be effectual, will 
depend on the draught of the chttiiney" ; and this, again, ia 
to "regulate the length of Vie bottom of the boiler." This 
view of the cause of the length of flame is quite erroneous, 
and the inference ia a great practical error. This length of 
flame, perceptible in the furnace, depends on the rapidity 
with which the essentials to combustion are satisfied, and 
the process completed ; and when these are satisfied, the 
shorter the flame, the greater will be the heat obtained, be- 
cause the act of chemical union will be the more rapid and 
intense. So far as the draught is concerned, it has no na- 
tural or chemical reference to the " length of the bottom of 
the boiler," When the draught ia operative in producing 
perfect combustion, it tends to sAorten, rather than extend, 
the flame. 

But assertions of this kind have rendered it necessary 
that we should thus examine into the causes, chemically 
considered, of the length of flame. Length of flame, then, 
ia not, in all cases, to be regarded as a good, from which 
advantage may be derived ; it may even be an evil, which 
should be avoided. It is visible proof, that perfect combus- 
tion is inconsistent with length ; and that our object will be 
best attained in the furnace by a succession of flames, or 
jets of flame, with perfect comhustion, rather than by the 
length of any one mass of flame, which we have seen ia the 
accompaniment of imperfect combustion. 

With these considerations T refer to the diagrams Nos. 
9, 10, 11, and 13, for some of the modes by which our 
jnrpoae may be effected. Any modiiication of the plana here 
pnggested will answer, provided tlie principle be carried out, 
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of intnKluring tlie air by way <if J«t». or various apertures, 
and so;iiring uiluijuato time or contoi^t for tliFTusiDii. 

1 concluile thoBo observations as I begun, hy stating, 
that I lay no claim to ilisoovery or invention, or to any 
new view of the nature of combustion. I have merelj' 
sought to give the science of chemistry a more enlarged and 
))ra(!ti<.'al application, — to enforce attention to the indiepen- 
Nible connexion between chemistry and the operations of 
the furnace, — and to the labyrinth of errors in which wo 
inevitably become involved when we neglect its precepts or 
deviate from its laws. 

If any dispute my chemical details or illustrations, I shall 
not fight the battle with objectors, but refer to my autho- 
rities. On this lieail, though I might have enlarged my 
means of defence, I could not have aiide^l to the strength of 
my position. I have already a host in those whoso princi- 
ples I have endeavoured to enforce, and the value of whose 
aid 1 have sought to extend to practical contemporaries in 
the same fieW. Among those ] have consulted or quoted 
are, Sir Humphry Davy ; Dr. Faraday and Professor 
Brande, both of the Royal Institution; Professor Daniell, 
King's Oollogo; Profcsaor Graham, University College; Dr. 
Thomson, University of Glasgow; Dr. Reiil, University of 
Edinburgh; Dr. Robert Kane, of the Royal Dublin Society; 
Professor Kelland, of Cambridge (now of Edinburgh); Dr. 
Ure; Dr. Henry; Dr. Brett, of the Royal Institution, Liver- 
pool; and Dr. Dalton, of Manchester. Among the Conti- 
nental authorities are, Borzeliiis, Dumas, Chovrcul, I'olouze, 
Berthier, Persoz, Berthollot, Thenard, and Leibig. I have 
taken these as my guides, and am not aware that I have 
urged any thing in opposition to those standard authorities 
of the present day. 



POSTSCRIPT. 



OBSERVATIONS ON THE MODES OF APPLY- 
ING THE FOREGOING PRINCIPLES TO 
PRACTICE. 



Having made several practical applications of the chemi- 
cal principles referred to iu this treatise, I avail myself of 
this opportunity to make some observations on the results 
obtained, and to draw some general inferences from these 
results, although in anticipation of what more properly 
belongs to the second part of this work. 

I have applied these principles, and the means suggested 
for effecting diffusion between the gas and the air, in a great 
variety of forms, and in furnaces of different descriptions, 
as applicable to stoves and kilns, marine and land 
engine boilers. The use of hot air, also, a point to which 
inventors have turned their attention, I have tested in a 
variety of ways. In some cases, the air has been raised to a 
high temperature, and in others it has been so introduced 
that it must necessarily have been cold when brought into 
contact with the gases. In both, however, complete com- 
bustion appeared equally attainable. 

As the relative advantages of hot and cold air will be con- 
sidered more id "^ will here only observe, 
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r general propoeitioD were now to be haxKroeol^ 
Uie experience derived from numerous and varied triaU, under 
iteani -engine boilers, justifies the use of cold rather than 
uf hut air ; and proves, tliat, in the arrangcmentB of our fnr- 
naceii, attention should rather be directed to raising the 
temperature of the gas to he burned, than of the air which 
ia to effect its combustion, previously to the two coming into 
contact. 

This view of the subject is ako in aceordaQce with what 
our overy-day experience suggests ; a great difference being 
perceptible in favour of the conipletoneas of the process of 
combustion, and in the heat obtained in the funiace, when 
the atmosphere is eoldeit, and even at the lowest tempera- 
ture, in frosty weather. 

The idea of an increased value from the use of heated air 
in our boiler furnaces appears to have grown out of its adop- 
tion, in what is called the hot blast, in the manufacture and 
working of iron. The cases, however, are <juite dissimilar ; 
and when alleged advantages have been attributed to the 
introduction of heated air, I have generally found that those 
advantages were, in fact, derivable from other causes not 
noticed by the operators. 

In diagram No. 9 is roprosontod an ordinary land-engine 
Imiler, with vertical tubes, placed above a chamber to which 
theairiij introduced from any convenient situation. The only 
consideration being, that it be made to act independently of 
the current to the bars — the pipes or conduits for its intro- 
duction maybe placed in any part of the ashpit, or through 
the water in the boiler, or through the adjoining brick 
work. In this plan, the gases, passing over the bridge, 
come directly into contact with the jets of air issuing from 
the orifices of the diffusion- tubes. 

In diagram No. 10 ia represented a marine boiler and 
furnace, in which, from the contracted dimensions of the 
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flues, a difTerent arrangeincDt bQComes uecessary. In such 

cases the vertical tubes might interfere with the free passage 
of the gases and flame, and obstruct the entrance for the 
purposes of cleaning and repairing. 

The arrangement «hown in this diagram consists of a 
series of perforated diffusion -plates, placed at an angle of 
about forty-five degrees, and extending from the bridge to 
any required distance in the flues. A space is here left on 
each side of these plates, (as shown in section, fig. 2,) iu 
which the dust and ashes collect, without obstructing the 
orifices of the plates. Both these arrangements ensure a full 
combustion of the gases, where the size of the flues is suf- 
ficiently large to admit of their introduction without check- 
ing the draught. 

In diagram No. 11, fig. I, the air is introduced from a 
chamber to the outsides of a series of horizontal perforated 
tubes, through the orifices of which it passes inwardly, and 
thus its contact is obtained with the evolved gases in their 
current through such tubes. Tho result of this arrangement 
is rapid and complete combustion.* 



* In tbe Invenlari' Admaite, No. B8. a desCTiptinn isgivenoCapatent grajitedto 
Chailea DuLbruck, for " finpruwmcjrfs in apparatus fur apptnino comiialible gat W 
a« pKTpeeee ofkeai-, and which contalna the foUawinK notice of the TDode adopted, 
ot the eSicBcf of nhiiih I hare ao doubt, fiom tlie application of tho principle of 
thfljetsofalr. 

'•Claim Second.— The mode of constructing apparatus for conBUmiof gu, thus 
^pljing it to the pnrpoaes of producing heat, by causing a series of jets of air to be 
propelled nfjainst, or near, a flame of ga5- 

" Thia apparatus coneista of a chamber, Uirough which a pipe, perforaled vritli 
boles, passes. Gas is, at Arat, introduce into the chamber, and lighted, when it 
will bnni with a soft flainB; but, ob the air ieirto admiOei thnw^ hdea in Ihe 
pipe, it will caoae It to bum In jeta of flame, and the beat wiU be much iacreued. 

" Claim Third.— The mode ot irdradMivg jets ttfairivtoatiAeOtnUKfio-^iehOie 
infiamTnahlB yas is paaainQ. The air is admitted into the Same of the gas In a 
similar manner to that above deaoribod. The patentee prefers using earburclted 
bjdroften when cheapneaa is considered, and pore hydrogen when gicnt intensity 
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ind where a great and 



tliK air-tube ia placed 
wbore the air must, 



Tliia plan is woll adapted to stoves, kilus, and furnwws 
for flieiiiicnl and other |iiirposes, where large volumes of 
combu^ihle f^iwes are generati.'d, 
unilbriii heat is retjuired. 

Iti tig. 2 of tbo satiie diagran 
at tbo bottom of the chamber, 
necoasarily. be at the lowest tomporature when coming into 
contact with tbo gasoa. Ooniploto combustion is, notwith- 
standing, here also ubtaiued. This mode bas been Tound to 
answer the desired purpose where the evolved gases are not 
too copious, or the ilraiigbt so rapid as to carry them onward 
into the Hues beruto ditTuaion is cfTocted. 

The appearance aud character of the flame, in these two 
opposite cases of quick anJ slow diffusion, are bo remarkable, 
and so diHurcnt, as to merit a particular notice. In the 
first, tig. 1, the air posses from the outside of the tubes to the 
gases within them ^ while, in the second, tig. 2, it passes from 
tbo inside to the gases without. In %. 1, the air coming 
into collision with tbo beateil gases in the interior 
of the tubes, contact and diffusion are instantaueousl/ 
effected by the impinging force of tbo jet : no atom of 
gas escaping its equivalent of air. In this case, the 
tianio aud products of combustion issuing in tierce cur- 
rents from the several tubes, perfect diffusion soems to 
be effected on the instant of contact, us in tbo I'atent 
Holar Argand Lamp, to which, in principle, it bears a 
striking analogy. 

Tbo rapidity with which diffusion and combustion are 
here produced presents aa illustration of the fact dwelt on 
by Sir Humphry Davy, in his " Researubes on Flame", 
namely, the increased combustibility of the bjdro-earbon 
gases when raised to a high temperature, (see page 132,) 
since they must necessarily become iimcb heated in their 
jiassage through the hot difiVision- tubes. 
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An important advantage in this latter arrangement is, tK 
means it atfonls of effecting diffusion of liirgo bodieB of the 
gaaea generated in furnaces with very large fires, within the 
proper time: thnt is, before the current has carried those 
gases into the cold region of the flues, by which they would 
be converted into smolie. 

In fig. 2 wo have a different effect and cliaracter of 
fiame exhibited. Here the evolved gases, passing over 
the bridge, are projected downwards, and come into contact 
with the air as already described. In this case, the act of 
contact not being so sudden, as in fig. 1, more time is ob- 
tained, and complete diffusion and combustion equally 
effected. Here the visible, that is, the carbonaceous, part 
of the flame appears to float, in soft, wave-like volumes, aa an 
upper stratum in this diffusion-ehamber, presenting the 
beautiful appearance of what is called the f re-cloud ; the 
body of the chamber being, at the same time, filled with the 
products of combustion, clear and transparent. On stopping 
the admission of air, however, tho chamber instantly fills 
with a dark cloud of smoke and unturned gases, as it would 
be in an ordinarily constructed furnace. 

The flame, in tho latter case, Joes not assume the fierce 
projectile character it did in the former. Combustion, bow- 
ever, being equally complete, the flues present the same 
intensity of heat, as indicated by the thermometer ; a fact 
that would not appear probable from the different characters 
of the two flames. 

By the process of mixing adopted in this latter furnace, 
we are enabled to distinguish the peculiar flame arising 
from the combustion of the carbonic ovtde : a combustible 
gas which is copiously produced when the fuel on the bars 
becomes highly ignited and of a bright red. (See page 64.) 
" This mode of supplying atmospheric oxygen," observes 
Dr. Ure, "prevents the possibility of the carbon of the 
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coftls eeca]>ing in the atato of carbonic oxide gas, whereby, 
at present, much boat ie loat in our great furnaces." 

The peculiar colour aTiil clwracter of this gae, in combua- 
tion, is here very distinguishable. Without diffusion, how- 
ever, this carbonic oxide gas, at a temperature sufficiently 
high for its ignition, (and which is considerably lower than 
that requireil by the carburetted hydrogen gas,) would escape 
by the chimiie}', to be consumed at its summit on meeting 
the air.* The importance of converting this gaa to the 
purposes of heat, or even its existence in the furnace as a 
combustible, is wholly overlooked by engineers. 

In fig. 3 of the sante diagram {No. 11) is given another 
ilhiHtration of a similar process on the introduction of cold 
air. The chamber into which the air is introduced is here 



« I>r. Kuis. In hli letMr to tl 

nsB illFBded. la t, aonrM uf lonn i 

bdolcMld 

toaTolnhntinUking 



I uilhor. olnsTTW, " Ths romstiao of mrbonli! 
jur wort, for the fint tlme.Uio attention of practical 
loM of fuel lu «. Terj oonalilenble eitwil. When rai- 
irfMooriRnlUtlehucaiilaroake, It eaauat be considered 
an iKlilltlaDal aquiiftlunt of cotbon. Tbia 1b leriflsd bj 
the f&et. tbftt Iho cirAm'o o^lde thu fonaud glru out, In burning, only the nine 
•luutiti' of best whieli the leoDnd eqiiinlent of oubon should hmro giien out, if 
ntanntArarfiaalcaridiiiiTcl^. Thin hentfoa eoonomlze, ud tieuoe. eveDiit thoae 
pDTlodi whan Durbonle oxide )> prodncDd, fon line no fuel; whilst, on all the 
DTdinuj pUoiatKDidlDHTlslbleamoke, theCnel laerolTed ueubonle oxide, iDd 
[i either illentt J loat, eioiipinKln 1a*i<lb]e gut. or bnrnii at the orifice oftlie chlm- 
noy, WHtlng there the ou-bon whloh xbuuld buTB been economiiod below." 

Or. Brett, oa the uma subject, adda, " Erer; one who obaerrea the rolnmei of 
black (Diake eacapinK froai the chlmne^a of mann&otorles lanat be struck with 
the positive loss of fnel thus sustained ; jet, not oulj Is the black amoke lost for 
calorlBc eflbot, but a further loss may be traced to the passinic off uf Hliat DtDT be 
ealliid a imokSi tbouib not Tiaible — I meaa unbumt carburetted hydrogen and 

" On one oceasion. whilst witcblni; the prsoeu ot combnatiou, dnring lis 
dlffarent etagaa. in yonr eiperl menial fomacH. at that period when the hydro- 
carboos had Juit undergone sombuBtLun, and the carbonaceuas matter. 0FcolLe,wu 
remalnlngon theflre-bars, hlcrhly IgniLted, I obserTed, when looking into the Bna, the 
phenomenon of a peacb^jolonred flame mingled with one of a striking blue colour. 
The former I belieie to havo been produced bj the burning of cranogen: the 
Utter was nndoublcdly due to cartnmie oxide. I need hardly say, that, without 
a proper supply of atmoapherle air, theae gasea wonld have eacaped by the oblin- 
noy, and ao haTe been loat for calnriSo pnrpoaes." 
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placed at the back of the bridge and in the coldest part, 
where no heating influence could reach it. This difiFusion- 
plate is perforated, and the jets of air come into contact 
with the gases as they are projected downwards, presenting, 
in other respects, exactly similar appearances to those 
described in the last example. 

Diagram No. 13 shows other modes of introducing air to 
the gases to be consumed. Fig. 1 represents the front of a 
marine boiler in which the air-admission tubes are described 
in different situations. In section 1 the tube is placed at 
the bottom of the ashpit ; in section 2 it is placed in the 
centre of and passes through the ashpit air-distributor ; in 
sections 3 and 4 the tubes are placed one on each side^ and 
corresponding with the bars ; in sections 5 and 6 they are 
shown as passing through the water-ways in the boiler : in all 
cases entering the chamber behind the bridge. 

Fig. 2 of this diagram represents a section of a reverbera- 
tory or other furnace, where flame and heat, free from smoke, 
are essential. In this the air-tubes are placed between 
the bridge and the flame-bed, their number being propor- 
tioned to the size of the furnace. Here the air is repre- 
sented as passing from the outside to the gases within them, 
as already described in diagram 11. A cross section of this 
furnace is also here shown 

Fig. 3 (same diagram) represents a cross section of a fur- 
nace or stove for heating iron plates. In this plan, the air- 
difiusion plates form the crown of the arch, the jets issuing 
downwards against the gases as they pass from the furnace 
over the plates or other body to be heated. 

The whole of these varied practical illustrations prove, 
first, the absolute necessity for atomic diffusion, between the 
gas and the air before they have passed into the flues and 
are cooled below the temperature required for chemical 
action ; and, secondly, that, if such diffusion be accom- 

V 
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[ilinlieJ in tUo iiro])or time, it appears unimportant in what 
(irociso manner or part of the flno it is effectoil ; or whether 
it bo by a quicker contact and action, as in fig. 1, (diagram 
No. 1 1,) or hj' the slower one, with the compensating power 
of time, in a larger chamber, as shown in figs. 2 and 3. 

Effecting diffusion at the proper temperature being the 
main object, the circunistances of large fnroacos, from the 
necessarily large volumo of air required, would seem unfriend- 
ly to thin operation, the cooling inHuencca of so much air pro- 
ducing Hinoke before adetjuate diffusion has been effected.* 

A remedy for the evil may bo had bv dividing large 
furniR-os into two [jortions by an internal )>artition, thus 
providing for allemate uharging, by which means the 
volutiio of gas evolved, and the consequent demand for air, 
will bo reduced to manageable qnantitien in each. 

In large furnaces the greatest obstacle to the absolute 
freedom from smoke arises from the irregularity in the time 
and mode of charging, and the consequent inequality in 
the quantitiea of gas generated — of heat in the body of the 
furnace, and of fuel on the bars. These considerations 
nnturally suggest the great importance of supplying furnaces 
in a more regular and tmifarTit manner. This, however, can 
bo done only by mecfumicai moans, several plans for which 
are already before the public. The value of mechanical 
agency, in this respect, will be more fully considered in the 



• " Smoke in the mult of the Imiwrrc 
In eoiueqiionce at tlielr bain); mixed with either too Bmoll or too larxe a, propoitiaa 
of Mmoapliutic air. Either of tbeae dlrciuuatuiBea, that 19, too little ulr nitb ■ 
bisli, or too mucbnlr wltb B low teoiTeniiture, gaiuai tbe gepsnitioa of tbe cuibon 
from tho bydragon, nnd tbe <ionaeqaant shimee oT tbe carbon [rein tbe unlcuikiu 
state of gaseonn nombbution into a, black pulrernlent form. 

" Tbe earbnretted hfdrogea gnaes require, aa the oandltionof tbeir coDibuation, 
flrat, tlmt they be fnliinalei^ bi^nded with aa appropriate voluuie of atmoapherlQ 
air; and, aeenndly. that tha mixtara bebeate'l to tbe temporatare of accendoD- 
Tbo UQlgnltiKl gaiwous mixture, in travetlinK thronEb the floes, loses Eempentitn) 
very fast, sail Oepoelta tbe ellmbiateU carbon in tbe furm of si>at. 
InKl/mm Ihe SptciJicalioH f/lie Aullio'-f Paltnt. ™ nvised by Dr. V 
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second part of this work, where I propose introducing a 
remedy for the above evils. Until some plan of this kind 
be adopted, auch ia the irregularity with which furnaces are 
charged, and such the variable quantity of gas generated and 
air supplied, that we must not expect to see chimnoys entire- 
ly free from smoke ; much of this smoke, however, may be 
attributed to the steam generated by combustion, as it muBt 
not be forgotten, that one half the atmospheric oxygen 
employed in combiiation ia converted into steam, (see 
diagram No. 1,) which in high chimney shafts is so reduced 
in temperature as to be visible on its exit. 

I may here remark, auch ia the great variety which 
prevails in the arrangements of boilers and the several 
kinds of furna^ios as at present constructed ; so different 
are they in size, length, and description of flues ; in propor- 
tions of fire-surface and flues ; force of draught ; and other 
circumstances, all of which have more or leas influence, that 
some judgment is required in adapting the true chemical prin- 
ciples of combustion to practical operations on a large scale. 
Engineers, therefore, should not expect that they will obtain. 
the desired object without a due consideration of these points. 
I hero repeat, what I stated at the beginning of this 
treatise, that, in suggesting tbeae modes of effecting com- 
bustion of the gases, " I do not affect to say, that they are 
the best for accomplishing the desired purpose : what I do 
assert is, that I have directed attention to the causes of the 
imperfect combustion which at present prevails in our fur- 
naces : to the true principles on which they may be im- 
proved : and to the part which chemistry has to act in 
reforming them," Difficulties will occasionally present 
themselves in bringing practice to harmonize with science ; 
being, however, once sot on the right road, tho ingenuity 
^ an d talent of the present day are fully adequate to supply 
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Throughout this work my object has been to place the in- 
quiry on a right footing : to show that all that belongs to the 
combustion of fuel results from chemical considerations, and 
can only be explained and improved by means which are 
in strict conformity with chemical principles. Above all, 
I have been desirous of enabling those who are connected 
with the manufactures of this country and with steam navi- 
gation to judge for themselves, and thus take them out of 
the hands of "g'Ma(?^'/\ as Professor Brande justly designates 
those who, rejecting the aid of science, would discourage all 
improvement unless it square with those empirical and 
absurd dicta which we find laid down as " unerring ruW, 
and dignified with the name of ^^ practiced* 



RECAPITULATION. 

In conclusion, I would here briefly recapitulate the lead- 
ing points to which it is desirable that attention should 
be directed. 

First : The combustible constituents of coal are hydrogen 
and carbon ; the former being the chief ingredient in the 
formation of the gaseous portion, which is expelled on the 
application of heat ; the latter, of the solid portion, which 
remains on the bars after the gases have been separated, 
forming the cinder or coke. 

*." It unfortunately so happens, that, when scientific men urge new views, or 
suggest the practical adoption of rational theories, they are neglected, because it 
is presumed they are merely founded on unsubstantial hypotheses ; and, on the 
other hand, when practical men attempt to found improvement on scientific prin- 
cipfes, they are sneered at as dabblers in science ; and so both become disheart- 
ened and disgusted, and the only people who are temporarily successful are quacks, 
who. pretending to what is called originality, and neither referring to practice nor 
science, steal from both ; but, deficient in all knowledge of their own, ultimately 
mislead their followers ; and, like the alchemists of old, not unfrequently deceive 
themselves." 
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Secondly : On a charge of coals being thrown on a furnace, 
the hydrogen, and a portion of the carbon, are separated in 
the form of a gas (carburetted hydrogen.) This gas, escap- 
ing from the furnace over the bridge the instant it is pro- 
duced, cannot be retained by reason of its gaseous or volatile 
character; and of the draught, or onward current; and 
hence the great practical difficulty of effecting its combustion. 

Thirdly: We have to consider the conditions of the 
combustion of these two distinct bodies, namely, the gaseous 
and the solid : the one requiring to be consumed during its 
flight from the furnace, in the flues ; the other, in a solid 
state on the bars. 

Fourthly : This double act of combustion, or, rather, the 
combustion of these two different bodies, involves two dis- 
tinct chemical processes, and, consequently, the providing of 
two distinct supplies of air, to be brought into action in two 
distinct places. This is the first and great practical essen- 
tial in our endeavour so to consume the coal that all its 
combustible constituents shall be converted to the purposes 
of heat. 

Fifthly : The separate quantities of air required for these 
two processes must be regulated on strict chemical prin- 
ciples. If less air be supplied to the gas than its proper 
equivalent, a proportionate quantity of the latter must escape 
uncombined, unconsumed, and useless. If more than that 
equivalent, the excess is injurious from its cooling influence, 
and the body of heat which such excess necessarily absorbs 
and carries away. 

Sixthly : This proper quantity or " equivalent'*'' of air 
being supplied to the gases, the next point for consideration 
is their diffusion^ that is, the effecting their atomic mixture. 
This is the most difficult, as it is the most essential, and, 
hitherto, most neglected, part of the operation, and as it 
involves the considerations of time, place, and temperature ; 
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seeing that the chemical action and union, which we call 
combustion, will not take place unless at a certain high 
temperature. 

Seventhly : In effecting practical diffusion in the furnace, 
the greatest amount of mutual contact surface between the 
respective atoms to be mixed will be obtained by means of 
jets : on which, therefore, depends much of the rapidity and 
completeness of the process. 

Eighthly : We have thus to consider : 

1 . The generation of the gases, and the cooling operation of 

that process. 

2. The conditions of their combustion, as distinct from that 

of carbon on the bars. 

3. Obtaining the due quantity of air essential to the com- 

bustion of these gases. 

4. Keeping this supply of air apart from the air entering to 

the carbon on the bars. 

5. Introducing the air intended for the gases in the proper 

place and manner. 

6. Raising the temperature of the gases to that required for 

union and combustion. 

7. Effecting their diffusion before they are cooled below the 

temperature of chemical action. 
I conclude, in the words of Doctor Kane, who observes, 
that, ^^as those suggestions indicate to the engineer and 
mechanist the principles on which alone the perfect combus- 
tion of fuel can be secured, they serve, also, as an additional 
proof, (were such wanted,) that complete success in art : 
the greatest economy in materials: and the most perfect 
utilization of its products, can only occur when the scimtific 
conditimu of the process are clearly understood, and made the 
foundations of practice,'''' 

END OF PART FIRST. 



APPENDIX I. 



REMARKS ON THE FOREGOING MODE OF 
EFFECTING THE COMBUSTION OF COAL 
IN FURNACES. 



The following Testimonials, from high chemical autho- 
rities, have been selected from a number of others to the 
,same import, and are here given in the order in which 
they were received and read by the Author, in his Course 
of Lectures, at the Literary and Scientific Institution, 
Liverpool. 



REMARKS BY MR. BRANDE. 

Royal Mint, London, 26th November, 1840. 
Mr DEAR Sir, — I am convinced, that you are not only practically, 
but theoretically and scientifically, right in regard to the general views 
put forth in your Essay on the Combustion of Coal and the Prevention of 
Smoke. I have long advocated the principles which you have adopted, 
and have annually illustrated them in my lectures in the Royal Insti- 

w 
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tution ; but it unfortunately so happens, that, when scUntiJie men urge 
new views, or suggest the practical adoption of rational theories, they 
are neglected, because it is presumed they are merely founded on un- 
substantial hypotheses ; and, on the other hand, when praet'usal men at- 
tempt to found improvement on scientific principles, they are sneered at 
as dabblei^ in science ; and so, both become disheartened and disgusted, 
and the only people who are temporarily successful are quciekt, who, pre- 
tending to what is called originality, and, neither referring to practice or 
science, steal from both ; but, deficient in all knowledge of their own, 
ultimately mblead their followers ; and, like the alchemists of old, not 
unfrequently deceive themselves. 

Under these circumstances, it is really refreshing to find a person of 
your experience willing and able to blend practice with science and 
theory ; and I have no hesitation in saying, that the views promulgated 
in your Essay are substantially founded upon just and scientific principles. 
When the unbumed hydrocarbons, which are produced during what 
is commonly called the eomlmttion, but which, in reality, is principally the 
dettruetire diitiUation, of coal, in our ordinary steam-boiler furnaces, gradu- 
ally mix with air, they assume the form of what is called uninflammable 
smoke ; but, if they be examined immediatelif after they leave the fiiel and 
hffwre they have blended with excess of cold air in the chimney shaft, 
they are found to be highly inflammable and rich in carbon. At ihii 
point it is tliat you judiciously admit the jets of air ; and in so doing, 
every jet which enters the inflammable atmosphere within the flues be- 
comes, as it were, the centre of combustion, and tends to increase the 
heat by burning and destroying that hydrocarbon which otherwise 
would go on to produce worse than useless smoke. 

Wlien air is admitted in front of the furnace, or through, or over the 
fuel, it obviously never can effect those useful purposes which are, at 
once, obtained by admitting it in due proportion to the intensely-heated 
inflammable vapours and gases \ or, in other words, to the products of 
the distillation of coal, at such temperature that they may take fire in 
its contact. In this way each jet of air which you admit becomes, as it 
were, the source or centre of a separate flame ; and the efiect is exactly 
that of so many jets of inflammable or coal gas ignited in the air : only, 
in your furnace, you invert this ordinary state of things, and use a jet of 
air thrown into an atmosphere of inflammable gas ; thus making an 
experiment upon a large and practical, which I have often made on a 
small and theoretical, scale, in illustration of the inaccuracy of the com- 
mon terms of ** coinbustible^* and *^ supporter of comhustiorC\ as ordinarily 
applied. 
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I fill a bladder with coal-gas, and attach to it a jet, by which I bum 
a flame of that gas in an atmosphere of, or a bell glass filled with, oxy- 
gen : of course, the gas bums brilliantly, and we call the gas the com- 
bustible, and the oxygen the supporter of combustion. If I now invert 
this common order of things, and fill the bladder with oxygen, and the 
bell glass with coal-gas, I find that the jet of oxygen may bo inflamed 
in the atmosphere of coal-gets with exactly the same general phenomena 
as when the jet of coal-gas is inflamed in the atmosphere of oxygen. This is 
precisely your process. You admit a number of jets of air into a heated, 
inflammable atmosphere, and so attain its combustion in such a way as 
to produce a great increase of heat ; and, as a necessary consequence, 
destroy the smoke. You, in fact, convert what is commonly called 
smoke into fuel, at the time when, and the place vchere, this combustion 
can be most efi^ectively brought about. 

I have now given you my candid opinion respecting your views of 
the phenomena of combustion and their application to the object pro- 
posed in your Essay : there are some of the minor points of which I 
cannot speak without further consideration ; but these do not, in any 
way, afi^ect the main object of the inquiry in its practical bearings. 

I am always, my dear Sir, sincerely yours, 

WILLIAM THOMAS BRANDE. 
To Charles W. Williams, Esq., 

Dublin Steam Company, Liverpool. 



REMARKS BY DR. URE. 

London, 13, Charlotte-street, 28tb Nov., 1840. 
My dear Sir, — I have been perusing your treatise ^^On the Combu8« 
tion of Coal and the Prevention of Smoke, Chemically and Practically 
considered," with extreme pleasure, and shall be able, in the course of a 
few days hence, to write you more particularly my opinion as to the 
great merits of your invention for obtaining the maximum calorific 
efi^ect of fuel, and that without the nuisance of smoke. Meanwhile, I 
shall only state, that I consider your theoretical views to be chemically 
correct, and their application to steam-boilers to be fraught with the 
most signal advantages. 

I remain, my dear Sir, your very faithful Servant, 

ANDREW URE. 
To Charles W. Williams, Esq. 
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ohuincd A grtmtcr qiuuitily of beat from llie so-called bitumint 
■jH.-viii«; B result quite in occonlaocc with long eatabluhed chemical 
ilutA. Tlie immorlal Lavoisier and Laplace OBcertained, that oae 
punnd of hydrogen, whi^n humed in llieir celebratml calorimeter, melted 
SilA'fllbi). of ice, while one iioiind of charcoal melted only 96'SlbD. ; 
qiianticiea very oeartf ia Ihe ratio of 3 to 1 ; Despretz gives the ratio 
of 310 to I04i tliiiH proving beyond a doiihl, that hydrogen can dis- 
engage, in iti combnation, three times more beat tlum the aaioo weight 
of charcoal. It deiervc* to he remarked, that this mtio is exactly the 
inverse of that in which hydrogen and carbon onite with oxygen ; for I 
pnrt of hydrogen, by weight, combines with 8 of oxygen to fomi water ; 
and 3 parts of carbon combine with 8 gf oxygen to fomi carbonic acid 
gas, which is the product of the complete combustion of charcoal. From 
theae and similar rcKcarches, chemiata have been led to conclude, that 
the heat afforded by different budiea in the act of their combustion is 
proportional to the quantity of osygen which they consume ; a conclu- 
sion which accords, also, with th« princiiilc, that the intensity of heat i» 
proportional to the intensity of chemical action, as measured by the 
proportion of oxygen which enters into combination. 

For Uie first oecuratc analyBis of pit-coals, we are indebted to Mr. 
TUomas Iticlwrdflon, of Ncwcutlei* who publinhsd, a few yean agot in 
tlie eleventh volume of Erdnuuin's Journal fur Chemie, the results of 
an excellent series of researches on coals, made in Professor Liehig's 
laboratory. HouBe<l the fused chromala of lead to oxygenote the carbon 
and hydrogen of the coals, with Liebig's new apparatus ; and his results 
deserve entire confidence. In tbe earlier analyses of coals, made by Dr. 
Thomson, myself, anil others, the peroxide of copper, whLcli was em- 
ployed to oxygeoate the combustible matter, always loft some of the 
carbon unooanumcd, and thus ocoasioned unavoidable err< 

1. Rich caking coal, from Garesfteld, near Newcastle, of sp, gre*. 
t-280, was found to contain as follows : ~ 

Carbon B7-962 

Hydrogen ., ft-230 

Aioteand oxygen MIB 

Ashes 1-S93 
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* An occouat of Iheim experiments hiu biteu aiuue pieiiented, by Mr. REcIiai 
be WntunJ Hlrtnrj Sooiety of Newtaiatlijmioii-Tj'oe, Hnil li printed in 
iflncUena. vol. ii., p. 401, and in thii Lundon aad 
liii., p. 12J, for August, lea*. 
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2. Caking coal, of excellent quality, from South Hetton, in the 
county of Durham, of sp. grav. 1*274, afiPbrded, 

Carbon 83*274 

Hydrogen 6*171 

Azote and oxygen 9*036 

Ashes 2*519 

100- 

3. The parrot coal of Edinburgh afforded, 

Carbon 67*597 

Hydrogen 5*406 

Azote and oxygen 12*432 

Ashes 14*566 



100* 
100 parts of these several kinds of coal take for perfect combustion 
(subtracting the oxygen contained in the coal) as follows : 

1st. 266*7 parts of oxygen : giving out heat as the number 122*56 

2d. 260*2 „ „ „ 114*98 

3d. 217*6 „ „ „ 100*00 

The quantity of heat is here presumed to be proportional to the 

quantity of oxygen consumed. M. Regnault published, in Erdmann's 

Journal, vol. xiii., p. 69, the following statement of his analysis of coals, 

which is regarded by Professor Lowig as very correct :* 

Newcastle coal, of sp. grav. 1*280, affording a much inflated coke, 
(quite akin to the Graresfield coal, if not the same,) was foimd to consist 
of carbon, 87*95 ; hydrogen, 6*24 ; azote and oxygen, 5*41. 

A Lancashire coal, of sp. grav. 1*317, which afforded an inflated coke, 
was found composed of carbon, 83*76 ; hydrogen, 6*66 ; azote and oxy- 
gen, 8*04. The quantity of azote is not given separately by either Mr. 
Richardson or M. Regnault ; but it is known to be inconsiderable. 
The deficit to 100 in his analyses represents the amount of ashes per 
cent. Mr. R. says : " With the present means of analysis at our dis- 
posal, it is impossible to determine the true amount," (of azote,) *^ but 
the coal cannot contain more than two per cent.'* In the Edinburgh 
coal he found, by an experiment made on purpose [to^ determine this 
point, 0*38 per cent, of azote. This uncertainty introduces a propor- 
tional ambiguity into the calculation of the quantity of heat evolved, 
from the quantity of atmospherical oxygen consumed. The less the 
proportion of azote, in the above analysis, the greater will be that of the 

♦ Chemie der Organischen Verbindungen, vol. ii., p. 88. 
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oxygen directly combined with the coals, and the less atmospherical 
oxygen, of coarse, will be consumed, which is the only source of the heat 
disengaged. 

Since it is the proportion of hydrogen in coal that determines the pro- 
portion of volatile products, a tolerable approximation upon this point is 
afforded by the proportional loss of weight which different coals suffer from 
ignition in retorts or covered crucibles. I found that 100 parts of the Fell- 
ing-main coal used by some of the London Gras Companies, when strongly 
ignited in a covered crucible, well-luted, lost 37*5 per cent., leaving 62*5 
of a porous coke. The Llangennock coals from Caermarthenshiie, of 
sp. grav. 1*337, lose by ignition only 15*5, and leave 84*5 of a rather 
dense coke, which contains 3 of ashes. In furnaces of the common 
construction about London, this coal affords much heat with little smoke, 
and is, therefore, greatly in request, and fetches a high price. 100 parts 
of the Tanfield Moor coal, of sp. grav. 1*269, preferred by blacksmiths 
for their forge, on account of its calorific strength and freedom from 
sulphur, give off in ignition 32*5 parts, and leave 67*5 of a bulky, 
compact coke. 

Every coal which contains much hydrogen, and, therefore, loses 
much weight by ignition in retorts, necessarily produces much smoke, 
with a great waste of heat in our common steam-boiler furnaces, for 
reasons which you have so well developed in your treatise. ** When a 
carburetted hydrogen,** says Liebig, ^^ is kindled, and jfiisi as much 
oxygon admitted to it as will consume its hydrogen, the carbon does not 
burn at all, but is deposited (or separated) in the form of soot ; if the 
quantity of oxygen is not sufficient to bum even all the hydrogen, 
carburets of hydrogen are produced poorer in hydrogen than the 
original carburetted hydrogen."* The above gas and smithy coals 
which, from their richness in hydrogen, are capable of affording the 
greatest proportion of heat by thorough combustion, afford often a much 
smaller quantity than the Llangennock, because the carburetted hydrogen 
which they so abundantly evolve is not supplied with a due quantity of 
oxygen, and hence much of their carbon goes off in smoke, and their sub- 
carburetted hydrogen gas in an invisible form. These results are quite 
accordant with my experiments on these coals with my calorimeter. At 
first, from certain defects in the apparatus, whereby the coals were 
imperfectly burned and a good deal of smoke was disengaged, I found 
that the best coals imported into London, such as Lambton's WaJlsend, 
Hetton Do. and Pole's Main, afforded a smaller proportion of heat than 

* Traite de Chimie Organique, Introduction, p. 32. 
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the Llangennock, or even anthracite; but, when I diminished these 
defects, I obtained much more heat from the Tanfield Moor coal than 
from the LUingennock, and more from this than from the anthracite. 
In fact, a coal which, like the Newcastle caking coal, contains 5*239 of 
hydrogen, is capable of giving out in complete combustion as much heat 
as if it contained an extra lOJ per cent, of carbon ; but, instead of this 
additional heat, it affords in common furnaces much less heat than the 
Llangennock, though this is much poorer in the most calorific consti- 
tuent, viz., the hydrogen. 

It is a remarkable fact, that an inflammable constituent of pit-coal, 
which is always present, and often invisibly combined with it to the 
amount of 5 per cent, or more, has never been noticed in any of the 
ultimate analyses hitherto published. I have examined a great variety 
of coals from different parts of the world, and I have seldom found less 
than 2 per cent, of sulphur in them. Now, this is a circumstance of 
great consequence to many manufacturers, and most essentially to iron- 
masters. Some of my results upon this subject were published in the 
number of the Athencsum above quoted. Sulphur in its calorific power 
ranks low, being, according to Dr. Dalton, one-half of carbon. If we 
assume its consumption of oxygen in combustion as the measure of its 
heating power, it will stand to carbon in the relation of 3 to 8 ; for 3 
parts of carbon consume 8 of oxygen to form carbonic acid, while 8 of 
sulphur consume 8 of oxygen when they are burned into sulphurous 
acid. The blacksmith knows well what havoc a sulphurous coal makes 
among his iron in the forge, rendering it entirely rotten. The same ope- 
ration takes place upon the rivets and plates of steam-boilers, when the 
sulphur of the coals is merely volatilized, without being mingled with 
sufficient air to bum it. 

The first operation which coals undergo, on being heaved into a com- 
mon furnace, is distillation, attended with a great absorption of heat, and 
may be compared to the distillation of sulphur in the process of refining 
it, for which purpose much external heat is required. But, if the fumes 
of sulphur or the coals be, after accension, intermingled with the due 
quantity of atmospherical oxygen, they will, on the contrary, generate 
internally, from the beginning, their respective calorific effects. 

At the outset of my chemical career, I suffered in a painful and 
dangerous way from the refrigeration produced by throwing some 
pit-coal into a hot furnace. I was extracting oxygen, for common class 
experiments, from nitre ignited in a large iron bottle, when, having reple- 
nished the fire with coal, the gas became condensed in the bottle so much 
as to occasion a regurgitation of water into it from the gasometer basin, 



which water, being instantly converted into high-pressure steam, drove 
out a quantity of red-hot nitre upon my shoulder and arm, so as to bum 
not only my clothes, but a very considerable portion of my skin. In an 
experimental furnace, so treated, the heat is greatly damped as long as 
the hydrogenated vapours and gases are being generated ; and it becomes 
again effective only wtien the coals have become nearly charred. Were 
there a contrivance like your patent invention introduced into the furnace 
for diffusing atmospherical oxygen through the said vapours and gases, 
no vexatious refrigeration could ensue from feeding the fire, prudently, 
with common pit-coal ; and the external orifice through which this 
smoke-burning air was admitted might be closed whenever the fire be- 
came clear. 

In the case of great steam-boiler furnaces, for which your patent is 
especially intended, since these are fed at short intervals, your plan of 
distributing atmospheric air, in a regulated quantity, by numerous jets, 
through the body of the gasiform matter, is peculiarly happy, and must 
enable you to extract the whole heat which the combustible is capable 
of affording. The method also which you have contrived for distributing 
the air under the surface of the grate will ensure due combustion of the 
coked coals lying there, without admitting a refrigerating blast to the 
fire. And, finally, your mode of supplying atmospherical oxygen will 
prevent the possibility of the carbon of the coals escaping in the state 
of carbonic oxide gas, whereby, at present, much heat is lost in our 
great furnaces. 

ANDREW URE. 

13, Charlotte-street, Bedford-square, London, 
December 26, 1840. 



FURTHER REMARKS BY DR. BRETT. 

Laboratory, Royal Institution, Liverpool, Jan. 6, 1841. 
I now take the opportunity of expressing more fully my opinion 
of your views concerning the combustion of coal and prevention of 
smoke, and it gives me the greater satisfaction so to do, in conse- 
quence of having enjoyed, on more than one occasion, an opportunity 
of examining, in your experimental furnace, when in operation, the 
different stages of coal combustion. Your furnace being so constructed 
that it allows of a close inspection of the changes which take place 
within the flue behind the bridge, no person, however imperfectly 
acquainted with those scientific principles upon which combustion ought 
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to be efiTected^ can avoid recognising the great difference (a difference 
sufficiently palpable to the sight) which exists between combustion^ as 
conducted in furnaces upon the old plan, and that which takes place 
in yours, when the inflammable matters receive good air properly supplied. 
The importance of this supply of good, instead of vitiated, air, at a pro- 
per time and place, and the no less important influence which a thorough 
commingling of the substances to be burnt and the substance burning 
exerts in facilitating full and complete chemical union, has been 
satisfactorily shown in your treatise ; and the injurious effects from 
a neglect of these precautions no less clearly demonstrated ; and 
this appears to be quite manifest, if we look to the nature of the ele- 
mentary substances which enter into the composition of all ordinary 
pit-coal. 

These elements, exclusive of earthy, saline, or metallic compounds, 
are, carbon, hydrogen, oxygen, nitrogen, and, not unfrequently, sulphur. 
The carbon, hydrogen, and sulphur may be regarded as the combustible 
elements, but they differ materially as regards the amount of heat 
which they respectively evolve, when burnt, in equal weights, with 
oxygen ; the first place belonging to hydrogen and the last to sulphur : 
hence the great value of highly-hydrogenated coal for certain calorific 
purposes. 

If coal be submitted to heat in large vessels, as in the coal- 
gas retorts, combustion does not take place, but the elements pre- 
existing in the coal undergo new arrangements, giving birth to 
volatile substances, which pass off, leaving behind a solid carbona- 
ceous matter, or coke. These gaseous or volatile substances are 
sufficiently numerous, consisting of light and heavy hydro-carbons, 
napthaline, sulphuretted hydrogen, carbonic oxide, ammonia, cyanogen, 
free hydrogen, and sulphuret of carbon ; all these compounds being pro- 
duced from the five already-mentioned elementary bodies. A portion of 
the heavy hydro-carbon, or defiant gas, suffers decomposition at the 
high temperatures of the gas retorts, carbon being deposited in no 
inconsiderable quantities even upon the roof of these retorts, light 
carburetted hydrogen passing off as gas. 

This, then, appears to be the state of things which obtains when 
coal is submitted to destructive distillation without aerial contact. 
When, however, coal is submitted to the agency of heat, for special 
calorific purposes, tcith aerial contact, then actual combustion ensues, 
either partial or complete, according to the manner in which atmo- 
spheric air is supplied ; the great object always being to prevent the 
formation, or, at all events, the permanent existence, of those com- 
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poancb, especially the nitrogenous ones already enumerated ; instead 
of which, the only products ought to be carbonic acid and water, 
with some nitrogen, and, occasionally, a small quantity of sulphurous 
acid. The old mode of combustion in furnaces is manifestly incompe- 
tent to effect this perfect combustion, and only to be attained, in my 
opinion, by a plan based upon such principles as you have ad- 
Tocated. 

Every one who observes the volumes of black smoke escap- 
ing from the chimne3rs of manufactories must be struck with the posi- 
tive loss of fuel thus sustained ; yet, not only is the black smoke lost 
for calorific effect, but a further loss may be traced to the passing off of 
what may be called a smoke, though not visible — I mean unbumt car- 
buretted hydrogen and carbonic oxide. You have been fully alive to 
the truth of this ; and, by a felicitous contrivance, have shown, that, 
by mingling atmospheric air with the inflammable gas, before they can 
escape unbumt, black smoke may bo got rid of, or, in other words, 
that loss of fuel and consequent loss of heat may be avoided. 

On one occasion, whilst watching the process of combustion, 
during its different stages, in your experimental furnace, at that 
period when the hydro-carbons had just undergone combustion, 
and tho carbonaceous matter, or coke, was remaining on the fire- 
bars, highly ignited, I observed, when looking into the flue, the phe- 
nomenon of a peach-coloured flame mingled with one of a striking 
blue colour. The former I believe to have been produced by the burn- 
ing of cyanogen : the latter was undoubtedly due to carbonic oxide. To 
the interesting fact of the combustion of the latter gas, after that of the 
hydro -carbons, you will remember to have directed my attention on a 
former occasion. I need hardly say, that, without a proper supply of 
atmospheric air, these gases would have escaped by the chimney, and so 
have been lost for calorific purposes. 

I will conclude these observations by a remark or two on a 
point much insisted upon in your treatise, as it appears to me 
of great importance, namely, the dijfimon of the atmospheric air 
and inflammable gases as much as possible into each other, prior 
to combustion. In doing this, you but follow out the rule which 
science and experience alike dictate, which is, to cause as intimate a 
mixture as possible of those substances between which you desire that 
chemical union should take place. Combustion is a phenomenon attend- 
ing chemical union, and the previous mechanical arrangement of the 
bodies to be united should be, and are, in your plan, carefully 
observed. 
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By causing atmospheric air to be driven, by jets, among the inflamma- 
ble gases, you employ, as it appears to me, the only means practicable, in 
operations on a large scale, of causing a sufficient mechanical admixture 
between the air and the gases to be burnt. By such means, too, you 
considerably e^ctetid the surface of any given bulk of atmospheric air 
admittedj^in' the same way as the surface of any given volume of water 
is greatly increased by causing it to pass, in thin streams, through a 
vessel containing numerous apertures. 

The importance of a due supply of. atmospheric air to coal-gas, 
and a proper admixture of the one among the other, prior to 
combustion, may be shown by taking a piece of wire gauze, 
placing it nearly in contact with the perforations of a common gas 
argand-bumer, and then turning on the gas and inflaming it. After 
it has passed the wire gauze, the flame will be found to be luminous and 
fuliginous, and a piece of platinum wire placed across it will be only 
heated to dull redness about the external part of the flame ; but if, 
whilst things are in this condition, the wire gauze be raised so as to 
leave a space of some few inches between the orifices of the burner and 
the under surface of the gauze, the flame speedily loses its luminous 
properties to a great extent, is no longer fuliginous, and has so increased 
its calorific properties as to cause the platinum wire to be heated to 
bright redness. 

In the first experiment, imperfect combustion takes place, 
from an inadequate supply of atmospheric air and want of difiu- 
sion of the air and coal-gas among each other. Hence the luminosity 
of the flame, containing, as it does, solid unbumt carbon, and hence, also, 
its less powerful heating properties and fuliginous character. In the 
latter experiment, the air becomes mingled with the coal-gas before passing 
through the wire gauze ; and, when this mixture is inflamed ah(yoe the 
gauze, perfect combustion takes place, no smoke is produced, and a great 
increase of heat obtained. 

On the whole, then, I would observe, that your treatise is correct 
as to its theoretical and scientific principles; and, by your illustra- 
tions on the large scale of the furnace, you have demonstrated how 
science and practice may be made to harmonize, and have shown 
the importance of attending, strictly, to the chemical conditions on 
which combustion takes place, without which all must be error and 
uncertainty. 

R. H. BRETT, Ph. D., F.L.S. 
To C. W. Williams, Esq. 
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REMARKS BY DR. ROBERT KANE. 

Royal Dublin Society, January 16tli, 1841. 

Dear Sir, — I received the copy of your work and the other papers 
illustrative of your views of the nature of combustion and of the con- 
struction of furnaces, and I consider your suggestions as being of peculiar 
value, inasmuch as they indicate to the engineer and mechanist the 
principles on which alone the perfect combustion of fuel can be 
secured. They serve also as an additional proof, were such wanted, 
that complete success in art — the g^reatest economy in materials — and the 
most perfect utilization of its products can only occur when the scientific 
conditions of the process are clearly understood and made the foundations 
of practice. 

In your furnace alone, of all the plans I have had an opportunity of 
examining, the conditions for the complete combustion of aU the consti- 
ents of the fuel are secured in the proper circumstances of quantity, time, 
and place. 

The introduction of air at the bridge and along the flame-bed, to 
supply the quantity of oxygen necessary for the combustion of the 
volatile products of the coal ; — the diffusion of this air, secured by its 
issuing from a great number of small jets, and the consequent full 
combustion of the gaseous fuel before it leaves the surface of contact 
with the boiler, are elements of real economy and success in practice. 
The value of this, although, perhaps, obscurely felt by others, from the 
imperfection of the older methods, has been certainly first placed in 
its important and just aspect by your illustrations. 

The formation of carbonic oxide in furnaces, to which I find, in your 
work, for the first time, the attention of practical men directed, has, 
hitherto, been a source of loss of fuel to a very considerable extent. 
When carbonic a^sid streams over a surface of ignited charcoal, or coke, 
it cannot be considered to evolve heat in taking up an additional 
equivalent of carbon. This is verified by the fact, that the carbonic 
oxide thus formed gives out, in burning, only the same quantity of heat 
which the second equivalent of carbon should have given out if it had 
formed carbonic acid directly. 

This heat you encourge, and hence, even at those periods when 
carbonic oxide is produced, you lose no fuel, whereas, in all the ordinary 
plans of avoiding visible smoke, the fuel is evolve in carbonic oxide, and 
is either silently escaping as invisible gas or burns at the orifice of the 
chimney, wasting there the carbon which should have been economized 
below. 
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I like the plan of your diagrams very much. In popular use, and, 
especially, for the instruction of those who have not made abstract 
calculations their study, they are exceedingly valuable : so much so 
that our illustrious and venerable friend. Dr. Dalton, the Nestor of 
the physical sciences, as he has been termed by Dumas, proposed a 
plan not unlike yours, but which, from the very fact of its being more 
adapted to class illustrations than to the calculations by symbols, 
(now so necessary in scientific chemistry,) was kept very much out of 
view, lately, by the employment of the Berzelian notation. I am glad, 
therefore, that yon propose colouring these diagrams in a second edition,' 
for, when one writes, as you do, not merely for those who know a good 
deal, but for those who are not used to the kinds of ideas you wish to 
communicate, every adjunct which tends to awaken the senses to the 
subject is of the highest importance. 

In conclusion, I beg to express my conviction, that, by giving to the 
scientific world the true philosophy of combustion upon the large scale 
of the furnace, and indicating to the mechanist the conditions upon 
which the proper construction of furnaces must rest, you have illustrated, 
remarkably, the value of science applied to the useful arts, and have 
effected considerable service to the public. 

Believe me, my dear Sir, 

Sincerely yours, 

ROBERT KANE. 

To C. W. Williams, Esq. 



APPENDIX 11. 



While these pages were passing through the press, the 
Monthly Minutes of the Institution of Civil Engineers have 
been issued. At page 62 I find a copious abstract of a paper 
read to the Institution, " On the Properties and Chemical 
Constituents of Coal," by Charles Hood, F.R.A.S. 

I here insert this paper as it contains much interesting 
matter touching the subject of the preceding observations ; 
and as it corroborates, in many respects, what I have been 
urging. As, however, it contains several serious chemical 
errors on the subject of the combustion of the gases, I had 
prepared some observations in reply : but, having taken the 
opinion of a very competent authority, Dr. Robert Kane, of 
tho Royal Dublin Society, I have given that Professor's 
opinion and observations in preference to my own. 

I cannot here avoid expressing my surprise, that Mr. 
Hood should have overlooked the chemical inconsistency of 
supposing, that the ignition and combustion of the hydro- 
carbon gases were, in any way, connected with the bringing 
them into contiguity with the " mass of incandescent fuel"", 
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or that this could lead to economy of fuel or the " combus- 
tion of smoke.^' Dr. Eane^s observations are conclusive on 
this head. 



•*Onthe Properties and Chemical Constitution of Coal, with 
Remarks on the Methods of Increasing its Calorific Effect 
AND Preventing the Loss which occurs during its Combus- 
tion. By Charles Hood, F JI.AB., &c." — Extracted from the 
Trainactiom of the Institution of CivQ, Engineers, 

The author considers his subject under three heads : — First, the 
chemical character and composition of coal ; secondly, its properties as 
a combustible ; and, thirdly, the nature and application of its various 
gaseous products. 

ist. The opinion, that coal is a compound of carbon and bitumen, 
has been objected to by some chemists, on the ground, that, by no pro- 
cess hitherto pursued in analysis, has it been possible to resolve it en- 
tirely into these two substances. Even at alow temperature, a quantity 
of gaseous matter is thrown off; and, at an elevated degree of heat, an 
evident decomposition of the bitumen takes place. Even anthracite 
contains a small portion of volatile matter, its component parts being 
carbon, oxygen, hydrogen, and nitrogen ; the hydrogen being either com- 
bined with the oxygen, to form water, or with a small portion of carbon, 
to form carburetted hydrogen, which exists, in a gaseous state, in the 
pores of the coal. In bituminous coal, the hydrogen is combined with 
a larger proportion of oxygen and nitrogen, the mechanical difference 
being, that the bituminous and free-burning coals (more particularly) 
melt by heat when the bitumen reaches the boiling point, whereas an- 
thracite is not fusible, nor wiU it change its form, until it is exposed to 
a much higher degree of temperature. 

Two tables of the analyses of different coals are given from the 
authorities of Mushet, Thomson, Yanuxem, Daniells, Ure, and Rey- 
nault. No. 1 showing the proportions of carbon, ashes, and volatile 
matter, with the specific gravity of the coal and of the coke ; and No. 
2 showing the proportions of carbon, hydrogen, azote, and oxygen. 
These tables show, that the largest quantity of carbon (92*87) is con- 
tained in the Kilkenny anthracite, and the least quantity (64*72) in can- 
nel coal ; and that the nature of the volatile matter greatly affects the 
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quantity of coke — the aggregate quantity of the gaseous products of 
coking, splinty and cherry coal being very nearly similar ; while the 
quantity of coke obtained from these different species varies more than 
45 per cent. 

The author then points out the continual presence of azote, which 
quits the base with the greatest difficulty ; and also the affinity of sul- 
phur, not only for the coal, but for the coke, as it is rarely found to have 
been completely expelled even from the most perfectly made coke ; the 
only coal found to be even partially free from it being anthracite, in 
some species of which no traces of its presence are found. 

2dly. The application of coal as fuel depends on the chemical change 
which it undergoes in uniting by the agency of heat with some body 
for which it possesses ^a powerful affinity. In all ordinary cases this 
effect is produced by its union with oxygen. When coal is entirely 
consumed, the carbon is wholly converted into carbonic acid gas and 
carbonic oxide, and the hydrogen into water in a state of vapour. The 
atmosphere supplies the necessary oxygen for this purpose ; and in this 
state the products of the combination are nearly or quite invisible, both 
of them being almost colourless fluids : if, therefore, any smoke be 
visible, it is the result of imperfect combustion. Some calculations are 
given to ascertain the amount of loss that is sustained when the smoke 
escapes unconsumed ; from which it appears, that with bituminous 
coal about 37 or 38 per cent, more heat is produced when the smoke is 
consumed than when it escapes freely. 

Many modes of consuming smoke have been attempted : those 
which appear to have been attended with the greatest success are, 
— 1st, Causing the smoke from the fresh coals to pass through or over 
that portion of the fuel which is more perfectly ignited ; 2dly, Supply- 
ing heated air to the top of the fuel, as well as admitting cold air through 
the ashpit in the usual manner ; and, 3dly, Throwing a jet of steam into 
the furnace or into the chimney. The various modes of carrying into 
effect these plans are briefly alluded to : from them a few may be 
selected. Robertson's plan was to use inclined fiimace bars, where the 
fresh coals were placed close to the fire-door, and, being there partially 
carbonized, gave out the gas which, in passing over the mass of incandes- 
cent fuel, wcu ignited, and became active flame, thus economizing fuel and 
preventing smoke. In this and similar cases, by the slow distillation 
of the coal, a gas is produced, which not only inflames at a lower tempera- 
ture than the dense olefiant gas produced by rapid distillation, but which 
only requires for its combustion a quantity of oxygen, never exceeding 
double its own volume, or ten times its bulk of atmospheric air, while 
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olefiant gas requires three times its own volume of oxygen, or fifteen 
times its bulk of atmospheric air. The elimination of a gas which 
bums with to gmall a portion of oxygen is, therefore, the principal cause of 
the non-production of smoke in furnaces of this description. 

The second mode of consuming smoke is founded on the necessitjf" 
which exists for a large supply of air being requisite to inflame the gases 
given off from coal by a rapid and intense heat ; and this is accom- 
plished by introducing a quantity of heated air above the burning fiiel. 
When a quantity of fuel is thrown into a furnace, the increased thick- 
ness of the mass opposes additional resistance to the passage of air 
through the bars ; the temperature of the furnace is lowered, and an 
increased volume of gas is, at the same time, given out. If, at this 
moment, a quantity of air, heated to the temperature of the gas, be 
admitted, the gas immediately inflames, and that which would have 
produced a dense black smoke passes off in the invisible state of 
carbonic acid gas and vapour of water. Different gases require differ- 
ent degrees of heat to inflame them ; and this explains the ecuy combus- 
tibility of the volatile products of coal when the heat is so managed as to 
produce those gases which inflame at the lotcett temperature. A larger 
quantity of air is required at the time that the coal is first thrown on 
than at a subsequent period ; therefore, when economy is studied, the 
supply of air should be gradually diminished as the mass approaches 
an incandescent state. The use of heated air has produced most impor- 
tant results in the manufacture of iron with bituminous coal, and also 
with anthracite ; the latter fuel having been almost neglected until the 
recent application of this principle of employing heated air to promote 
its combustion, although it is known to be capable of producing, perhaps, 
a more intense heat than any other carbonaceous fuel. 

The rationale of the third plan of consuming smoke, by injecting a 
jet of steam into the fire or the chimney, is less obvious than the others. 
In 1805 Mr. Davies Gilbert observed, that whenever the waste steam 
of one of Mr. Trevithick's engines was permitted to escape into the 
chimney, the smoke from the coal was rendered invisMe. Subsequent 
experiments coufirmed this fact ; and it was supposed, that the steam, 
being decomposed, furnished oxygen to support combustion. The 
author combats this opinion, and accounts for the effect by the increased 
draught of the furnace caused by the jet of steam into the chimney, by 
which means a larger portion of air is brought into contact with the 
burning fuel ; thus supplying the previous deficiency of oxygen to the 
fire, and promoting the combustion. As steam is only about half the 
weight of air at a like temperature, and the power of all gaseous fluids 
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to ascend is ^ intendy as the square roots of their specific g^vities", 
the velocity of its escape by the chimney, compared with common air 
of the same temperature, is about as 1*4 to 1 ; therefore, the compound 
fMXturt of ftdOM, otr, and earhomie aeid got wU escape wUk a considerably 
increased vdoeUy, and more air must, consequently, enter the furnace. 
It appears, that about ten per cent, of the total quantity of steam 
generated is necessary to effect the combustion of the smoke by this 
means ; therefore, unless the waste steam only be used, the saving of 
the fuel must be reduced by this amount. 

Brief mention is made of the experiments of Messrs. Apsley, Pellatt, 
Parkes, and the Chevalier de Pambour, proving that a given quantity 
of oven coke will preduce as much heat as the coal from which it was 
produced ; and of the various kinds of artificial fuels which have been 
invented, especially that composed of resin and peat coke, of which the 
author remarks, that its combustion probably produces a mechanical 
effect, as the hydrogen is converted into water in a state of vapour, 
wliich escapes through the chimney with a great velocity, and, conse- 
quently, a large quantity of air is drawn into the furnace, and a more 
perfect combustion of the fuel is the result. In the same manner he 
accounts for the necessity which exists for having the openings between 
tho bars wider in a furnace in which coke is burned than in one used 
for coal. In opposition to the general opinion, he considers that less 
air is required for the consumption of coke than for coal ; the carbon 
only requiring 2^ times its weight of oxygen for its combustion, while 
the hydrogen contained in coal requires 8 tinles its weight of oxygen : 
and tho only reason that the openings between the bars are required 
to be wider in the former than in the latter case, is in consequence 
of the draught being so much slower during the combustion of coke. 

3dly. ** On the nature and application of the volatile products of 
coaJ.'' In treating this portion of the subject, many of the observations 
on which have been necessarily anticipated in the preceding sections, 
the author traces the application of carburetted hydrogen gas to the 
purposes of artificial illumination from the year 1798, when its first 
successful application was made by Murdock, at Soho : he then pro- 
ceeds to Dr. Henry's investigations of the phenomena of its production 
and combustion ; the variation of the intensity of light obtained from 
carburetted hydrogen, due to the proportion of carbon contained in it ; 
the difference in the gas obtained from different qualities of coal ; the 
superiority of the illuminating power of the gas from cannel coal ; and 
the still greater power of that produced from the decomposition of oil, 
which is two to two and a-half times greater than that of coal-gas. He 
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then mentions the other products of coal by distillation, snch as ammo- 
niacal liquor, carbonic acid and oxide, sulphuretted hydrogen, tar, essen- 
tial oil, iiaptha, petroleum, asphaltum, and other substances. The paper 
concludes by pointing out the advantages which, would result from the 
production of such gas as is usually given out at the beginning of the 
distillation of coal, as it contains two volumes of gaseous carbon united 
with two volumes of hydrogen, and its illuminating power is, conse- 
quently, more than double that of ordinary coal-gas. 



DR. KANE'S OBSERVATIONS ON THE ABOVE. 

Laboratory of the Apothecaries' Hall, Dublin, 

Sept. 4, 1840. 
In reply to your inquiries respecting the details in Mr. Hood's paper, 
presented to the Institution of Civil Engineers, I have to observe, that 
there are several inconsistencies in it, a few of which I will point out. 
First, the light carburetted hydrogen is not among the pnt products of 
the distillation of coal ; but is formed, on the contrary, only when the 
volatile resin-oils and the defiant gas (which are, in reality, the first 
products) are decomposed by sweeping over the ignited surface of coaJ, 
or metal of the retort, or its contents. 

When defiant gas is passed through tubes heated to bright redness 
it deposits half its carbon, and, without changing its volume, is con- 
verted into light carburetted hydrogen. If it be frequently passed 
backward and forward through the tube, it deposits aU its carbon, and 
the residual gas (the volume of which is dovUed) is found to be pure 
hydrogen. 

The products of the distillation of coal may be arranged according 
to the temperature at which they may be produced, as follows : 

1st. Lowest temperature, Solids, as napthaline, solid resins, and fluids 

with high boiling points. 

2d, or next temperature. Fluids which are very volatile. 

3d stage, Olefiant gas. 

4th stage. Light carburetted hydrogen gas. 

5th, or highest temperature, Hydrogen gas. 

In practice, however, the results of two or three stages are always 
mixed together. 

2d. Light carburetted hydrogen is more difficuU to inflame than olefiant 
gas (Mr. Hood's paper states the reverse.) Davy has fully proved this ; 
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and I have verified his result, that a mixture of air and olefiant gas 
will explode at a temperature that will not produce action on a mixture 
of air and light carburetted hydrogen. 

3d. The heat produced by olefiant gas, in burning, is greater than 
that produced by the combustion of the tame tclume of light carburetted 
hydrogen in the proportion of 27 to 18. The weights are then, how- 
ever, as their specific gravities ; that is, as 98 is to 56. If we plunge a 
piece of bright red charcoal, or a bright red iron rod, into a mixture of 
olefiant gas and air, it wiU explode ; but we may immerse the charcoal 
and iron, white hot, into a mixture of light carburetted hydrogen with- 
out any danger. The whole use of the safety lamp depends on this. 

4th. Mr. Hood is quite in error respecting the source of the ascen- 
tional power of gas and its law. It has nothing to do with the law of 
tranquil difus^n into space, with which he has confounded it. 

5th. lie is also wrong respecting the source of the great heating 
powers of the resin fuel. The idea of an increased draught from the 
quantity of tapour formed is also quite incorrect. 

6th. There is nothing gained by the production of a gas requiring 
less oxygen (as Mr. Hood supposes) than olefiant gas does, for there would 
then be less heat produced. The quantity of heat evolved in the burning 
of any body is proportional to the quantity of oxygen absorbed, and it is 
hence the interest of the operator to use as muck oxygen as possiUe, instead 
of the reverse. With regard to the law of the quantity of heat evolved 
being pro)>ortioned to the quantity of oxygen consumed, the following 
extract, from the article "Combustion", in my "Elements of Chemistry", 
(now in the press,) will be sufiicient to explain it. 

" The determination of the quantity of heat produced during the 
combustion of a given quantity of a combustible substance is a problem 
of great importance in the arts, as on it depends the economic value of 
all varieties of fuel. The plan generally followed has been to burn the 
substance, by means of the smallest quantity of air which is sufficient, 
in a vessel surrounded, as far as possible, with water. 

" If it be found, that the burning a pound of wood heats 37 pounds of 
water from 32** to 212**, no idea can be thereby formed of the quantity 
of heat evolved. But if, in another trial, it be found, that the burning 
of a pound of charcoal raises the temperature of 74 pounds of water through 
the same range, it follows, that the charcoal has double the calorific power 
of the wood. True relative numbers can thus be obtained, although they 
have, independently, no positive signification. 

" The results obtained in this way, by various experimenters, have 
been exceedingly discordant ; but, by the the late researches of Desi>retz 
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and of Bull, a very interesting rule has been obtained. It is, that in all 
cases of combustion the quantity of heat evolved is proportional to the 
quantity of oxygen which enters into combination. 

« Thus Despretz found that there are heated from 32<> to 212« by 
1 ft. of oxygen, uniting with hydrogen, 294 l^s. of water. 
1 „ „ „ charcoal, 29 „ „ 

1 „ „ „ alcohol, 28 „ „ 

1 » „ „ ether, 284 » » 

giving, as a mean, 28| fts. as the quantity of water heated from 32** to 
212° by the heat evolved in the combination of one pound of oxygen. 
** This rule, however, is liable to some very curious changes," &c. &c. 

ROBERT KANE. 
To C. W. Williams, Esq., Liverpool. 



APPENDIX III. 



EXTRACTS FROM THE SPECIFICATION OF THE AUTHOR'S 
PATENT FURNACE, FOR EFFECTING THE COMBUSTION 
OF COALS ON TRUE CHEMICAL PRINCIPLES, AS RE- 
VISED BY DR. URE. 



^ That the above arrangements for producing the greatest calorific 
effect may bo better understood, I add the following observations : 

^ Hitherto, in the construction of furnaces, due attention has not 
been paid to the chemical conditions of the formation of smoke, and the 
impoitant distinction which exists between the volatile and the fixed 
constituents of coal, — the circumstances under which they give out 
heat, — and the peculiarities of their respective modes of combustion. 

^ Smoke is the result of the imperfect combugtion of the volatile 
products, in consequence of their being mixed with either too small 
or too large a proportion of atmospheric air. Either of these circum- 
stances, that is, too little air with a high, or too much air with a low, 
temperature, causes the separation of the carbon from the hydrogen, 
and the consequent change of the carbon, from the colourless state of 
gaseous combination, into a black, palpable, and pulverulent form. 

^ The carburetted hydrogen gases require, as the condition of their 
combustion, frft, that they be intimately blended with an appropriate 
volume of atmospheric air (which volume varies with the nature of the 
combustible gas) ; and, secondly, that, after having been so mixed with 
the air, the mixture be heated to the temperature of accension, or be brought 
in contact with flame. 
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" Again, as one cubic foot of carburetted hydrogen gas. requires tiro 
cubic feet of oxygen, or ten cubic feet of atmospheric air ; while one 
cubic foot of bi-carburetted hydrogen, or olefiant gas, requires three cubic 
feet of oxygen, or ffteen of air, to effect complete combustion ; these 
proportional volumes of air must be supplied, and so intimateli/ blended 
as to bring the particles of the combustible gases and atmospheric air within the 
sphere of their reciprocal and chemical attraction; for, otherwise, the 
inflammable gases will not be completely saturated with oxygen, that is, 
ttiU not be consumed ; and, consequently, the full calorific effect of the 
body of gas generated from the coals will not be obtained. 

" Now, in ordinary furnaces, as generally constructed, the air cannot 
reach the body of gas that escapes from the fire-place into the flues, 
except by passing through the highly ignited fud laid upon the bars of the grate, 
whereby much of its oxygen gets saturated, inert, and incapable of con- 
suming or burning the residuary combustible gases and fuliginous 
vapours, to whatever intensity of heat the seriform mixture be sub- 
jected. 

"The unignited gaseous mixture, in travelling through the flues, 
loses temperature very fast, and deposits the eliminated carbon in the 
form of sooty smoke : thus, not only much of the carbon, but a good 
deal of the hydrogen, with which it was previously combined, are lost to 
the furnace for the purposes of ignition ; while some of the hydrogen, 
uniting with the nitrogen, forms ammonia, a gas which, by its presence, 
is eminently obstructive of the high temperature of flame. 

" It will now be seen, that the construction of this furnace, and the 
principles on which it is based, are strictly in conformity with the 
complex and purely chemical processes going on in the furnace, sup- 
plying each process with the means necessary to its completion, and 
in their proper order, yiz., 

" 1. The generation of the combustible gas from each charge of fresh 
fuel, by the radiant heat resulting from the preceding charges then in a 
state of incandescence. 

^ 2. The supplying such gas with the quantity of oxygen necessary 
to their most perfect chemical union and combustion, and in a manner 
more favourable to their instantaneous and complete intermixture. 

" 3. The effecting this incorporation of the gas and the atmospheric 
air, not only in the proper quantity but at the proper time, that is, 
before the mixture has passed into the flues beyond the influence of the 
high temperature essential to ignition. 

" 4. The supplying this atmospheric air from a source independent 
of the currents in the ashpit, thus preventing its coming in contact 
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with the incandescent carbonaoeont fuel on the ba^ which would, in 
■uch caae» have deteriorated it by saturating much of its oxyg^i. 

** 5. The separating the two distinct portions of air respectively 
required for the wUuUe and ihejiaed portions of the coal, and effectually 
preventing any interference of the one with the other, which might 
have disturbed or injuriously affected the operation of either. 

<> Having described the nature of my invention, I do not claim the 
introduction of air to the bridge^ which has already been done by others, 
but I specially claim, as my invention, 

" 1. The use, construction, and i4>pliGat{on of ihe ptfforaied o^r^iMtrU 
(mtan^ by which the atmospheric air is more immediately and intimately 
blended with the combustible gases generated in the funiace. 

** 2. The application of distinct pipes or tubes by which the air is 
conducted to the gases at the bridge and flame-bed, im whatever eUuoHon 
thep may be plaoed, where such pipes or tubes are ihe means of bringing 
such air to the gas independently of the air in the ttdkpit. 

** 3. Tlio use and application of separate perforated tubes, tUuated in 
the <iAjnt, as the moans of distributing uniformly and along the under- 
side of tho bars the air which is intended to be applied to, the ignited 
fiiel on them." 
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